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SKN-1 Gene and Protein 

Statement as to Fede rally Sp onsored Research 
This invention was made with Government support under National Institutes of Health 
Grant Nos. RO1GM50900 and RG1GM62891 . The Government has certain rights in this 
invention. 



Technical Field 

This invention generally relates to the SKN-1 gene and protein, and their 
screening methods for isolating modulators of an oxidative stress response pathway. 



use in 



Backg round 

In diverse organisms, a common mesendodermal tissue field gives rise to the endoderm 
and a mesoderm subset that forms the heart and blood in vertebrates. In the nematode 
Caenorhabditis elegans, mesendodermal development is initiated by the maternally expressed 
transcription factor SKN-1. which specifies the fate of a single cell, the EMS blastomere The 
EMS daughter cell E becomes the endoderm, which consists of the intestine. Its sister cell MS 
g.ves rise to mesodermal derivatives that include the pharynx, a feeding pump that is analogous 
to the heart, and coelomocytes that resemble macrophages. In these embryonic cells SKN-1 
induces expression of the GATA factors MED-1 and MED-2, which are required for 
differentiation of EMS lineages. C. elegans skn-1 mutants are sensitive to oxidative stress and 
have shortened lifespans. 

In vertebrates, Nrf proteins activate transcription of genes encoding the Phase II 
detoxification enzymes, which constitute the primary cellular defense against oxidative stress 
Essentially all organisms must defend themselves against reactive oxygen species (ROS) which 
are derived from both mitochondrial respiration and exogenous sources. Phase II enzymes 
synthesize the critical reducing agent glutathione, scavenge ROS directly, and detoxify reactive 
intermediates that are generated when xenobiotics are metabolized by the cytochrome P 450 
(Phase I) enzymes. Through Nrf2, exposure to oxidative stress or particular classes of chemicals 
induce. Phase II enzyme gene expression in a variety of tissues, including the liver and digestive 
tract. Th,s mechanism also constitutes the major response to chemoprotective antioxidants 
including many natural compounds, which thereby stimulate xenobiotic detoxification and 
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inhibit carcinogen-induced tumorigenesis. Accordingly, mice that lack Nrf2 are abnormally 
suscepdble to drug toxicity and carcinogenesis, and do not respond to chemoprotective 
antioxidants. 
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Summary 

The present invention is based in part on the discovery that SKN-1 is required for 
oxidative stress resistance and longevity in C. elegans . It has been discovered that SKN-1 
orchestrates a major oxidative stress response in C. elegans, similar to Nrf proteins in 
vertebrates, in addition to initiating embryonic development of the C. elegans mesendoderm. 

Accordingly, the present invention provides in vivo methods for determining whether a 
test compound is a candidate compound capable of modulating the SKN-1 -mediated oxidative 
stress response. For example, in one aspect the invention provides a method for determining 
whether a test compound is a candidate SKN-1 -mediated oxidative stress response-activating 
compound, comprising: (a) providing a nematode capable of expressing a SKN-1 polypeptide 
and containing at least one transgene comprising: (i) an oxidative stress resistance gene promoter 
operably linked to (ii) a reporter gene; and (b) contacting the nematode with the test compound; 
and (c) determining whether expression of the transgene is increased, wherein an increase in 
expression of the transgene indicates that the test compound is a candidate SKN-1 -mediated 
oxidative stress response-activating compound. 

In another aspect, the invention provides a method for determining whether a lest 
compound is a candidate SKN-1 -mediated oxidative stress response-inhibiting compound, 
comprising: (a) providing a nematode capable of expressing a SKN-1 polypeptide and containing 
at least one transgene comprising: (i) an oxidative stress resistance gene promoter operably 
hnked to (ii) a reporter gene; (b) contacting the nematode with the test compound; and (c) 
before, during, or after step (b), subjecting the nematode to conditions that activate the SKN-1- 
mediated oxidative stress response in the absence of the test compound; and (d) determining 
whether expression of the transgene is decreased or unchanged, wherein decreased or unchanged 
expression of die transgene indicates that the lest compound is a candidate SKN- 1 -mediated 
oxidative stress response-inhibiting compound. 

In still another aspect, the invention provides a method for determining whether a test 
compound is a candidate SKN-1 -mediated oxidative stress response-activating compound, 



2 



.061303 

1086I-032P01 



comprising: (a) providing a nematode containing a transgene encoding a SKN-1 fusion protein, 
wherein the transgene comprises: (i) a SKN-1 DNA operably linked to (ii) a reporter gene; (b) ' 
contacting the nematode with the test compound; and (c) determining whether the SKN-1 fusion 
protein accumulates in nuclei in the nematode, wherein increased accumulation indicates that the 
5 test compound is a candidate SKN-1 -mediated oxidative stress response-activating compound. 

In still another aspect, the invention provides a method for determining whether a test 
compound is a candidate SKN-1 -mediated oxidative stress response-inhibiting compound, 
comprising: (a) providing a nematode containing a transgene encoding a SKN-1 fusion protein, 
wherein the transgene comprises: (i) a SKN-1 DNA operably linked to (ii) a reporter gene; (b) ' 

10 contacting the nematode with the test compound; (c) before or during step (b), subjecting the 
nematode to conditions that activate the SKN-1 -mediated oxidative stress response in the 
absence of the test compound; and (d) determining whether the SKN-1 fusion protein 
accumulates in nuclei in the nematode, wherein decreased or unchanged accumulation of the 
transgene indicates that the test compound is a candidate SKN-1 -mediated oxidative stress 

1 5 response-inhibiting compound. 

In some embodiments of the inventions described herein, a cultured nematode cell, or 
cultured mammalian cell is utilized instead of a nematode. 

The present invention also provides in vitro methods for determining whether a test 
compound is a candidate compound capable of modulating the SKN-1 -mediated oxidative stress 

20 response. In one aspect the invention provides a method for determining whether a test 

compound is a candidate compound capable of inhibiting a SKN-1 -mediated oxidative stress 
response, comprising: (a) contacting a SKN-1 polypeptide or SKN-1 DNA with a test compound 
; and (b) delecting interaction of the test compound with the SKN-1 polypeptide SKN-1 DNA, 
wherein an interaction indicates that the test compound is a candidate compound capable of 

25 inhibiting a SKN-1 -mediated oxidative stress response. 

In another aspect, the invention provides a method for determining whether a test 
compound is a candidate compound capable of inhibiting a SKN-1 -mediated oxidative stress 
response, comprising: (a) providing a SKN-1 polypeptide or fragment thereof and an oxidative 
stress resistance gene encoding y-glutamine cysteine synthase heavy chain, glutathione 

JO synthetase, NADH quinone oxidoreductase, superoxide dismutase, catalase, or glutathione S- 
transferase, or SKN-1 polypeptide-binding fragments thereof; (b) contacting the SKN-1 
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polypept.de or fragment thereof and the oxidative stress resistance gene or SKN-1 polypeptide- 
bmdmg fragment thereof with a test compound; and (c) determining whether the SKN-1 
polypeptide or fragment thereof and the oxidative stress resistance gene or SKN-1 po.ypeptide- 
bmding fragment thereof interact in the presence of the test tompound, wherein a decrease in 
mteraction indicates that the test compound is a candidate compound capable of inhibiting a 
SKN-1 -mediated oxidative stress response. 

In any of the inventions described herein, the promoter can be a promoter of a gene 
encoding a protein selected from the group consisting of: y-glutamine cysteine synthase heavy 
cham ghnathione synthetase, NADH quinone oxidoreductase, superoxide dismutase, catalase 
and glutathione S-transferase. Further, the reporter gene can be a gene encoding a protein ' 
selected from the group consisting of: green fluorescent protein, chloramphenicol acetyl 
transferase, green fluorescent protein, 6 glucuronidase, and luciferase. A nematode used in any 
of the methods described herein can be Caenorhabditis elegans. 

Further, in embodiments of inventions described herein, a confirmatory step can be 
earned out after a candidate compound has been isolated. For example, the confirmatory step 
can mclude contacting a nematode (e.g., a second nematode; or a cultured nematode cell or 
cultured mammalian cel.) with the candidate compound to determine whether the candidate 
compound decreases or increases oxidative stress resistance, relative to the oxidative stress 
resistance of the second nematode (or the cultured nematode cell, or the cultured mammalian 
cell) not contacted with the candidate compound, wherein a candidate compound that decreases 
oxidative stress resistance is an oxidative stress response-inhibiting agent, and wherein a 
candidate compound that increases oxidative stress resistance is an oxidative stress response- 
activating agent. 

In other embodiments, the confirmatory s tep(s) include:(c) providing a nematode not 
capable of expressing a SKN-l polypeptide (e.g., a skn-1 mutant) and containing at .east one 
transgene comprising: (i) an oxidative stress resistance gene promoter operab.y linked to (ii) a 
reporter gene; and (d) contacting the nematode with the test compound, wherein no increase in 
expression of the transgene fol.owing step (d) indicates that the candidate compound is an 
oxidative stress response-activating agent. 
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The present invention also includes compounds capable of activating a SKN-l-mediated 
ox.dat.ve stress response isolated using the methods described herein (e.g., for isolating SKN-1 
mediated oxidative stress response inhibitors or activators). 

Also within the invention is the use of a compounds identified herein in the manufacture 
5 of a medicament for treatment or prevention of a condition described herein. The medicament 
can be in any form described herein. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Although suitable methods and materials for the practice or testing of the present 

10 invention are described below, other methods and materials similar or equivalent to those 

described herein, which are well known in the art, can also be used. All publications, patent 
applications, patents, and other references mentioned herein are incorporated by reference in 
their entirety. In case of conflict, the present specification, including definitions, will control In 
addition, the materials, methods, and examples are illustrative only and not intended to be 

15 limiting. 

Other features and advantages of the invention will be apparent from the following 
detailed description, and from the claims. 
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Description nf fh e Drawing s 
Figs. 1A-1C: SKN-1 embryonic functions and comparison to Nrf proteins. 1 A: Cell fate 
specification. In four-cell embryos, SKN-1 initiates mesendodermal development by establishing 
the EMS blastomcrc fate. The anterior pharynx is specified in ABa descendants by a SKN-1- 
dependent signal from MS. Anterior is to the left, and ventral at the bottom IB- SKN-1 
compared to Nrf proteins. The SKN-1 minor groove-binding arm is shown in light green 
Percent identity between SKN-1 and mouse Nrf2 regions is indicated. 1C: Consensus sequences 
for SKN-1 binding and the ARE. The SKN-1 BR recognizes a consensus bZIP half-site 
(underlined) adjacent to an AT-rich motif (grey) that is specified by the arm (B). Nrf proteins 
bind to the ARE as obligate heterodimers with Maf or other bZIP. R=G/A; W=T/A 
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Figs. 2A-2L: *fci-7 -dependent GCS-1 GFP exnre^i™ i« • * *• 
oa ot, , l Airr expression in the intestine and ASI neurons. 

2A-2F: GCS-, ::GFP expression in wild lyp e Hiauh . A gcs _, 8enomic co 
17 ammo terminal codons and ,840 upstream bp was fused .„ «he amino terminus of GFP that 
contained a „„c,ear .ocnlizafion signal. Expression patterns shown are eaoh representative of 
more than two independent transgenic lines, and of all postembryonie stages examined (L2- 

2> ZT TT 2A ma 28 show ma flu ™ vie - s - «• » « 

larva. In 2B a hue demarcates the approximate boundary between the anterior intestine (I) and 
postenor pharynx (P). 2C and 2D show combined Nomamkufluorescen, and fluoresce* views 
rcspecnvely, of the head of a typica, L4 stage anima, «ha, had been exposed to Oil. ,„ 2D one of 
Are two AS I neurons is indicated wid, an arrow. 2E and 2F show an L2 larva in which GCS- 
1::GFP expression was induced to high levels in the intestine by heat. A similar induction 
occurred ,n response to paraquat (Table 2). The boundary between the anterior intestine and 
postenor pharynx is indicated as in 2B. 2G-2L: GCS-1 ::GFP was no. detectable outside of the 
Pharynx m sb,-, homozygous. Typical animals are shown from experiments which paraH.1 
those d,sp,ayed to the left in 2A-2F. Note the absence of GCS-1::GFP in the intestine and ASI 
neurons under norma, conditions 2G-2,, and after treannen, with heat (2K, 2L) or paraquat (dau 
no. shown). In two independent transgenic fines, in a homozygous skn-, background GCS- 
1 1 :GFP expression was no, de.ec.ed in these tissues in any animals under either nonna! or 
induction conditions. 

Figs. 3A-3C: Specific element, requhed for ^-/-independent and -dependent GCS- 
lt:GFP expression. 3A: Analysis of fheges-, p ro mo,er. Expression of ,he i„dica,ed construe* 
from ta, nsg en,c extrechromosomal areays was assayed in 2-3 independen, transgenic lines, under 
normal conditions and after induction by paraquat and heat. Approximate relative expression 
levels ,n the ttssues designated ,„ the right (date not shown) are indicated by + signs wim «- 
mdrcaflng a reprodueib.e reduction, and + indicafing barely detectable expression. Widtin each 
set of nnnsgemc hues that carried promoter mutations, ,eve ls of norma, and induced expression 
were affected m parallel, utations that were created in predicted SKN- , sites 1, 2, and 3 are 
desenbed in Materials and Methods, and are no, enmpafibfe with SKN- 1 binding (see text) Red 
ova,s mdicate predicted SKN-1 binding sires and a green bar the 5 • end of , he ^-7,^ coding 
mgton Map numbers refer U> ,he predicted transfafion star, 3B: Uncoupling pharyngea, GCS 
:GFP expresston from intestinal and ASI neuron expression. The gczf 2 mutation eliminated 
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Pharyngeal GCS-1::GFP expression, but allowed near-wild type levels of ASI and intestinal 
expression. Concurrent ablation of SKN-1 binding site 3 (gcsA 2.mut3) eliminated transgene 
express^ in all tissue, Paraauat-treated wonns are shown in the GFP column. 3C: Composite 
gcs-1 promoter element that includes SKN-1 site 3, and is also present in the med-1 and -2 
promoters. SKN-1 binding sites are red, and identical sequences are boxed 

4A JT SP6CifiC bindin8 ° f ^ t0 " CSSential *»' I»~ sequence. 

Z«T ^ 10 3 ^ ^ C ° m ^ site assayed by 

EMSA. Lanes 2-5 show binding of increasing amounts of In vitro translated SKN-1 protein (0 
Hi, 0.25 ul, 0.5 ul, 3 ul translation lysate; indicated by a triangle) to the wild type site. Lane 1 
shows binding to 3 pi unprogrammed lysate. A background species is .abeled. Lanes 6-, 0 show 
the same assay performed with the mutant probe. In lanes 1 1-20, SKN-1 -DNA binding is 
assayed m the presence of the indicated unlabeled competitor oligonucleotides. Lanes 12-15 
and 17-20 correspond to addition of a 20-, 50-, 1 50-, and 400-fold molar excess of competitor 
over t h e labeled wi.d-type DNA. 4B: The in vitro translated SKN-1 DNA binding domain (Fig 
IB) bmds specifically to the gcs-1 composite element. Binding was assayed as in 4A. 

Figs. 5 A-5G: Expression and stress-induced nuclear accumulation of SKN- 1 ■ GFP 5 A- 
SKN-l::GFP transgenes a. skn-J gene. Transcribed coding and untrans.ated regions are 
md.cated in red and blue, respectively, b. SKN-1 ,GFP translation^ fusion construct which 
includes an EcoRl fragment that previously rescued maternal skn-1 lethality. C. elegans DNA is 
uuueated by a black line. c. SknPro::GFP promoter fusion, in which the 38 Ntermina. SKN-1 
ammo acids are fused to GFP containing a nuclear localization signal. 5B-5D: Embryonic 
expression of SKN-1::GFP. 5B, 5C, and 5D show Nomarski (left) and fluorescent (right) views 
of 100 cell, 280 mi,, and three fold embryos, respectively. Endogenous intestinal 
autofluorescence is visible as yellow or orange. White triangles indicate intestine precursor 
nuclcx. Int: intestine. Ph: pharynx. 5E: SKN-1 ::GFP expression in ASI neurons (arrows) 
Nomarski/fluorescent (left) and fluorescent (right) views are shown of a typical Dil-exposed L4 
larva. 5F: Larval SKN-1::GFP expression under normal conditions. Fluorescent and Nomarski 
closeups of the boxed region of this L2 are shown at bottom. Note the low-level SKN-1 -GFP 
express^ in intestinal nuclei (white triangle). 5G: SKN-1 ::GFP localization under oxidative 
stress. Exammation of multiple focal planes revealed that SKN-1 ::GFP levels were not 
substantially altered in ASI neurons (arrows), but in many animals were dramatically increased 
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in intestinal nuclei (Table 3). A heat-shocked L2 is shown, but similar results were obtained 
upon exposure to other oxidative stress inducers (Table 3). The integrated strain Is007 is shown, 
but two extrachromosomal lines and a different integrated line exhibited similar patterns. 

Figs. 6A-6B: skn-1 mutants are sensitive to oxidative stress and have reduced lifespans 
6A: Paraquat sensitivity. Worms were scored for survival at the times shown after they had been 
Placed in M9 that contained 100 mM paraquat. An average of three experiments involving 24 
worms each is graphed. All wild type and skn-1 mutant worms survived a parallel control 72 hr 
mcubation in M9 alone (data not shown). 6B: Lifespan assay. Worms were maintained at 20-C 
and scored for survival at the indicated time after the L4 stage. An average of three experiments 
.nvolvmg 25-28 worms each is plotted. In wild type, skn-1 (zu67), and skn-1 (zul29) strains 
mean life spans were 15.9+2.2, 1 1.8 + 1.4, and 1 1.1+0.1 days, respectively. Mean maximum life 
spans were 24.3+3.5, 16.3+0.6, and 18.7+0.6 days, respectively. 

Fig. 7 illustrates an exemplary regulatory sequence for the glutathione synthetase gene. 
Fig. 8 illustrates the sequences of the glutathione synthetase ORF and protein. 
Fig. 9 illustrates an exemplary regulatory sequence for the NADH quinone 
oxidoreductase gene. 

Fig. 10 illustrates the sequences of the NADH quinone oxidoreductase ORF and protein. 
Fig. 1 1 illustrates an exemplary regulatory sequence for the glutathione S-transferase 
(R03D7.6) gene. 

Fig. 12 illustrates the sequences of the glutathione S-transferase (R03D7.6) ORF and 
protein. 

Fig. 13 illustrates an exemplary regulatory sequence for the glutathione S-transferase 
(F35E8.8) gene. 

Fig. 14 illustrates the sequences of the glutathione S-transferase (F35E8.8) ORF and 

25 protein. 

Fig. 15 illustrates an exemplary regulatory sequence for the glutathione S-transferase 
(F11G11.2) gene. 

Fig. 1 6 illustrates the sequences of the glutathione S-transferase (Fl 1G1 1.2) ORF and 

protein. 

30 Fig. 1 7 illustrates an exemplary regulatory sequence for the glutathione S-transferase 

(K08F4.7) gene. 
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Fig. 18 illustrates the sequences of the glutathione S-transferase (K08F4.7) ORF and 
protein. 

Fig. 19 illustrates an exemplary regulatory sequence for the superoxide dismutase-1 (sod- 

1) gene. 

Fig. 20 illustrates the sequences of the superoxide dismutase-1 (sod- J) ORF and protein. 
Fig. 2 1 illustrates an exemplary regulatory sequence for the superoxide dismutase-2 (sod- 

2) gene. 

Fig. 22 illustrates the sequences of the superoxide dismutasc-2 (sod-2) ORF and protein. 
Fig. 23 illustrates an exemplary regulatory sequence for the catalase (ctl-1) gene. 
Fig. 24 illustrates the sequences of the catalase (ctl-1) ORF and protein. 

Fig. 25 illustrates an exemplary regulatory sequence for the superoxide dismutase-3 (sod- 

3) gene. 

Fig. 26 illustrates the sequences of the superoxide dismutase-3 (sod-3) ORF and protein. 

Fig. 27 illustrates an exemplary regulatory sequence for the y-glutamine cysteine 
1 5 synthase (also known as glutamate-cysteine ligase) heavy chain genc. 

Fig. 28 illustrates the sequences of the y-glutamine cysteine synthase (also known as 
glutamate-cysteine ligase) heavy chain open reading frame (ORF) and protein. 

Fig. 29 illustrates the sequences of the T19E7.2c SKN-1 ORF and protein. 

Fig. 30 illustrates the sequences of the T19E7.2b SKN-1 ORF and protein. 
20 Fi §- 3 1 illustrates the sequences of the T19E7.2a SKN-1 ORF and protein. 

DETAILED DESCRIPTION 

The present invention relates, in part, to the C. elegans SKN-1 gene and protein (a 
transcription factor), gcs-1 (encoding y-glutamine cysteine synthase heavy chain (GCS(h); a 
target gene thereof) and other oxidative stress resistance genes, e.g., Ml 76.2 (encoding 

25 glutathione synthetase); F39B2.3 (encoding NADH quinone oxidoreductase); sod-J, sod-2, and 
sod-3 (encoding superoxide dismutase); ctl-1 (encoding catalase); and R03D7.6, F35E8.8, 
Fl 1G1 1.2, and K08F4.7 (encoding glutathione S-transferase). The invention includes various 
therapeutic and screening methods. For example, the genes and/or proteins can be used in 
screening methods to identify, e.g., compounds capable of modulating (e.g., increasing or 

JO decreasing) the expression and/or activity of SKN- 1 , and/or to modulate the oxidative stress 
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response pathway in nematodes and other animals fe o h.,™*«o\ c u 

«tucr diiimais (e.g., humans). Such compounds can be used 

as pharmaceutical agents and/or pesticides. 

Before further description of the invention, eertain terms employed in the specification 
examples, and appended claims are, for convenience, collected here. 

By "SKN-l-mediated oxidative stress response" is meant an oxidative stress response 
pathway mediated (i.e., activated) by SKN-1 polypeptides. 

The C. elegans genome has been sequenced (see, e.g., The C. elegans Sequencing 
Consortium, Science 282, p.2012-2018, 1998), and is accessible through several known 
electronic databases (see, e.g., the databases accessible at World Wide Web (www) addresses- 
wormbase.org (WormBase; see, Harris ct al., Nucleic Acids Research 31 :133- 137 (2003) and 
Stem et al., Nucleic Acids Research 29:82-86 (2001)); ncbi.nlm.nih.gov; and 
wormbase.sanger.ac.uk). "SKN-1 DNA" or "SKN-1 gene" refers to nucleic acid sequences that 
include, e.g., the nuc.eic sequence set forth in Fig. 29 (or the unspliced version thereof )(set forth 
» the WormBase database as T19E7.2c) and/or Fig. 3 1 or 30 (or the unspliced versions thereof) 
(set forth m the WormBase database as T19E7.2a, and T19E7.2b, respectively, homologs 
thereof, or fragments thereof that encodes SKN-1 polypeptide fragment capable of binding a 
SKN-1 protein binding site within a promoter of a target gene, e.g., a C. elegans Phase II 
deification gene. An example of such a fragment is a fragment that encodes the C-terminal 
85 ammo acid residues of the SKN-1 polypeptide set forth in Fig. 29 (referred to herein as a 
"SKN-1 Domain"). By "SKN-1 polypeptide" is meant amino acid sequences that include an 
ammo acid sequence set forth in Figs. 29, 30 and/or 31, or fragments thereof (e g the C- 
termmal 85 amino acid residues of the SKN-1 polypeptide set forth in Fig. 29 (a "SKN-1 
Domam)). By "SKN-1 RNA" is meant messenger RNA transcribed from a SKN-1 DNA 
sequence. 

As used herein, an "oxidative stress resistance gene" is a gene involved in the oxidative 
stress response in C. elegans, and homologs thereof. For example, oxidative stress resistance 
genes mclude those demonstrated herein to be targets of the SKN-1 polypeptide, e g those 
encodmg y-glutamine cysteine synthase heavy chain (GCS(h)) (gcs-I, set forth in WormBase as 
F37B 12.2); glutathione synthetase (set forth in WormBase as Ml 76.2); NADH quinone 
ox.doreductase (set forth in WormBase as F39B2.3); superoxide dismutase (sod-J sod-2 and 
sod-3; set forth in WormBase as C15F1.7; F10D1 1.1; C08A9.1, respectively); eatalase (ctl-1- 
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set forth in WonnBase as Y54G1 1A.6; and several forms of glutathione S-transferase (set forth 
in WormBase as R03D7.6, F35E8.8, Fl 1G11 .2, and K08F4.7), among others. 

The sequence of the y-glutamine cysteine synthase (also known as glutamate-cysteinc 
hgase) heavy chain open reading frame (ORF) and protein are set forth in Fig. 28, and an 
exemplary regulatory sequence is set forth in Fig. 27. The sequence of the glutathione 
synthetase ORF and protein are set forth in Fig. 8, and an exemplary regulatory sequence is set 
forth in Fig. 7. The sequence of the NADH quinone oxidoreductase ORF and protein are set 
forth in Fig. 10, and an exemplary regulatory sequence is set forth in Fig. 9. The sequence of 
one glutathione S-transferase (R03D7.6) ORF and protein are set forth in Fig. 12, and an 
exemplary regulatory sequence is set forth in Fig. 1 1. The sequence of another glutathione S- 
transferase (F35E8.8) ORF and protein are set forth in Fig. 14, and an exemplary regulatory 
sequence is set forth in Fig. 13. The sequence of a third glutathione S-transferase (Fl 1G1 1 2) 
ORF and protein are set forth in Fig. 16; and an exemplary regulatory sequence is set forth in 
F,g. 15. The sequence of a fourth glutathione S-transferase (K08F4.7) ORF and protein are set 
forth » Fig. 1 8, and an exemplary regulatory sequence is set forth in Fig. 17. The sequence of 
the superoxide dismutase-1 { so d -l) ORF and protein are set forth in Fig. 20, and an exemplary 
regulatory sequence is set forth in Fig. 19. The sequence of the superoxide dismutase-2 (sod-2) 
ORF and protein are set forth in Fig. 22 and an exemplary regulatory sequence is set forth in Fig 
21. The sequence of the superoxide dismutase-3 (sod-3) ORF and protein are set forth in Fig 26 
and an exemplary regulatory sequence is set forth in Fig. 25. The sequence of the catalase (ctl-l) 
ORF and protein are set forth in Fig. 24 and an exemplary regulatory sequence is set forth in Fig 
23. Predicted SKN-1 binding sites upstream of the genes described above are set forth in 
Table 1 . 

A "substantially pure" preparation is a preparation which is at least 60% by weight (dry 
we,ght) the compound of interest, e.g., a SKN-1 polyeptide, or a candidate compound or agent 
described herein. Preferably the preparation is at least 7 5 o/ 0 , more preferably at least 90% and 
most preferab.y at least 99%, by weight the compound of interest. Purity can be measured by 
any appropriate method, e.g., column chromatography, polyacrylamide gel electrophoresis or 
HPLC analysis. 

The term "purified ON A" means DNA that is not immediately contiguous with both of 
the coding sequences with which it is immediately contiguous (one on the 5' end and one on the 
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3' end) in the naturally-occurring genome of the organism from which it is derived. The term 
therefore includes, for example, a recombinant DNA which is incorporated into a vector, into an 
autonomously replicating plasmid or virus; or into the genomic DNA of a prokaryote or 
eukaryote, or which exists as a separate molecule (e.g., a cDNA or a genomic DNA fragment 
5 produced by PCR or restriction endonuclease treatment) independent of other sequences. It also 
includes a recombinant DNA that is part of a hybrid gene encoding additional polypeptide 
sequence. 

A "substantially identical" nucleic acid means a nucleic acid sequence which encodes a 
polypeptide differing only by conservative amino acid substitutions, e.g., substitution of one 

10 amino acid for another of the same class (e.g., valine for glycine, arginine for lysine, etc.) or by 
one or more non-conservative substitutions, deletions, or insertions located at positions of the 
amino acid sequence which do not destroy the function of the polypeptide. 

A "conservative amino acid substitution" is one in which the amino acid residue is 
replaced with an amino acid residue having a similar side chain. Families of amino acid residues 

15 having similar side chains have been defined in the art. These families include amino acids with 
basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic 
acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, 
phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine, valine', 

20 isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, 
a predicted nonessential amino acid residue can be replaced with another amino acid residue 
from the same side chain family. 

The terms "activate," "induce," "inhibit," "elevate," "increase," "decrease," or the like, 
denote quantitative differences between two states, e.g., a statistically significant difference, 
25 between the two states. 

Homology is typically measured using sequence analysis software (e.g., Sequence 
Analysis Software Package of the Genetics Computer Group, University of Wisconsin 
Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705, BLAST, or 
PILEUP/PRETTYBOX programs). Such software matches similar sequences by assigning 
30 degrees of homology to various substitutions, deletions, and other modifications. 
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By "purified antibody" is meant antibody that is at least 60%, by weight, free from the 
proteins and naturally-occurring organic molecules with which it is naturally associated. 
Preferably, the preparation is at least 75%, more preferably at least 90%, and most preferably at 
least 99%, by weight, antibody. 

The term "longevity" refers to the rale of senescence and/or life-span. The term 
"immunological methods" refers to any assay involving antibody-based detection techniques 
including, without limitation, Western blotting, immunoprecipitation, and direct and competitive 
ELISA and RIA techniques, and "means for detecting" refers to any one or a series of 
components that sufficiently indicate a detection event of interest. Such means involve at least 
one label that may be assayed or observed, including, without limitation, radioactive, fluorescent, 
and chemiluminescent labels. 

By "hybridization techniques" is meant any detection assay involving speci fie 
interactions (based on complementarity) between nucleic acid strands, including DNA-DNA, 
RNA-RNA, and DNA-RNA interactions. Such hybridization techniques may, if desired, include 
a PCR amplification step. 

The term "modulatory compound", as used herein, refers to any compound capable of 
affecting (i.e., either increasing or decreasing) SKN-1 expression (i.e., at the level of 

transcription or translation) or affecting (i.e., either increasing or decreasing) SKN-1 polypeptide 
activity. 

The terms "effective amount" and "effective to treat," as used herein, refer to an amount 
or concentration of a pharmaceutical composition described herein utilized for a period of time 
(including acute or chronic administration and periodic or continuous administration) that is 
effective within the context of its administration for causing an intended effect or physiological 
outcome. 

The term "patient" is used throughout the specification to describe an animal, human or 
non-human, to whom treatment according to the methods of the present invention is provided 
Veterinary applications are clearly anticipated by the present invention. The term includes but is 
not limited to birds, reptiles, amphibians, and mammals, e.g., humans, other primates pigs 
rodents such as mice and rats, rabbits, guinea pigs, hamsters, cows, horses, cats, dogs, sheep and 
goats. Preferred subjects are humans, farm animals, and domestic pets such as cats and dogs. 
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The term "treatment)," is used herein to denote delaying the onset of, inhibiting, alleviating the 
effects of, or prolonging the life of a patient. 

Screening Methods 

In vertebrates, the Nrf pathway has been shown to be critical for oxidative stress 
re S ,stance, and to be involved in numerous disease states including diabetes, HIV infection, and 
atherosclerosis, as well as in drug detoxification and cancer chemoprevcntion. The vertebrate 
Nrf pathway responds to natural antioxidants found in plants, which produce these compounds 
for protection against errors in photosynthesis. The present invention is based in part on the 
discovery that, in addition to its role in development, SKN-1 plays a role in the C. elegans 
counterpart to the vertebrate Nrf pathway. Like the Nrf pathway, the C. elegans pathway . 
mediated by SKN-1 responds to the well-studied natural antioxidant sulforaphane. 

The invention provides in vivo and in vitro screening methods for identifying compounds 
e.g., small orgamc or inorganic molecules (M.W. less than 1,000 Da), oligopeptides 
oligonucleotides, or carbohydrates capable of activating or inhibiting the SKN-1 -mediated 
oxidative stress response. 

The screening methods are useful, for example, for isolating novel antioxidants (e g 
compounds that activate the SKN-l-mediated oxidative stress response pathway) or compounds 
that can be used as pesticides (e.g., compounds that inhibit the SKN-l-mediated oxidative stress 
response pathway). Skilled practitioners will also appreciate that the screening methods 
described herein can be used, for example, to identify or isolate other genes and/or proteins 
involved in the SKN-l-mediated oxidative stress response pathway, which can themselves be 
used as pharmaceutical agents or as potential targets for drug discovery. 

In Vivo Scree ning Methods 

In one embodiment, the present invention provides a method for determining whether a 
test compound is a candidate SKN-1 -mediated oxidative stress response-activating compound 
The method includes providing a nematode, isolated nematode cell, or isolated mammalian cell 
capable of expressing SKN-1 and containing at least one (i.e., one or more) transgene comprising 
an oxidative stress resistance gene promoter operably linked to a reporter gene; and contacting 
the nematode, isolated nematode cell, or isolated mammalian cell, with the test compound 
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whereui an mcrease in expression of the transgene following contact of the nematode, isolated 
nematode cell, or isolated mammalian cell, with the test compound indicates that the test 
compound is a candidate SKN- 1 -mediated oxidative stress response-activating compound. 

A sunilar method can be carried out to determine whether a test compound is a candidate 
SKN-l-med,ated oxidative stress response-inhibiting compound. The method includes providing 
a nematode, isolated nematode cell, or isolated mammalian cell capable of expressing SKN-1 
and contammg at least one (i.e., one or more) transgene comprising an oxidative stress resistance 
gene promoter operably linked to a reporter gene; contacting the nematode, isolated nematode 
cell, or .solated mammalian cell, with the test compound; and subjecting the nematode, isolated 
nematode cell, or isolated mammalian cell to conditions that activate the SKN-1 -mediated 
oxidative stress response in the absence of the test compound, wherein a decrease or lack of 
increase m expression of the transgene following the subjecting step indicates that the test 
compound is a candidate SKN- 1 -mediated oxidative stress response-inhibiting compound 

In st.ll another method, a nematode, isolated nematode cell, or isolated mammalian cell 
capable of expressing a SKN-1 fusion protein is utilized to determine whether a test compound is 
a candidate SKN-1 -mediated oxidative stress response-activating compound. The method 
mcludes providing a nematode, isolated nematode cell, or isolated mammalian cell containing a 
transgene that includes SKN-1 DNA operably linked to a reporter gene; contacting the nematode 
.solated nematode cell, or isolated mammalian cell, with the test compound; and determining 
whether the SKN-1 fusion protein accumulates in nuclei in the nematode isolated nematode cel. 
or related mammalian cel.. Increased accumulation (e.g., above control levels), indicates that ' 
the test compound is a candidate SKN- 1 -mediated oxidative stress response-activating 
compound. 

A similar method can be carried out to determine whether a test compound is a candidate 
SKN-1 -mediated oxidative stress response-inhibiting compound. The method includes providing 
a nematode, isolated nematode cell, or isolated mammalian cell containing a transgene that 
mcludes SKN-1 DNAoperably linked to a reporter gene; contacting the nematode, isolated 
nematode cell, or isolated mammalian cell, with the test compound; subjecting the nematode 
■solated nematode cell, or isolated mammalian cell to conditions that activate the SKN-1- 
mediated oxidative stress response in the absence of the test compound; and determining whether 
the SKN-1 fusion protein accumulates in nuclei in the nematode, isolated nematode cell, or 
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isolated mammalian cell. Decreased or no increase in acmm,. w / 

. „ ...... increase in accumulation (e.g., as compared to control 

levels), urates that the test compound is a candidate SKN-1 -mediated oxidative stress 
response-inhibiting compound. 

A "test compound" can be any chemical compound, for example, a macmmolecule (eg 
a polyp^ude, a protein complex, or a nucleic acid, or a am,,, mo ,ecu,e <e.g., an amino acid, a 
nucleotide, an organic or inorganic compound,. The tea, compound can have a formula weigh, 

of less than about 1 0,000 grams per mole less than s nnn -~ 

sx per moie, less than 5,000 grams per mole, less than 1 ,000 grams 

per mole or less than about 500 grams per mole. The test compound can be naturally occurring 
(e.g., an herb or a natural product), synthetic, or can include both natural and synthetic 
components. Examples of small molecules include peptides, peptidomimetics (e.g., peptoids) 
ammo ac.ds, amino acid analogs, polynucleotides, polynucleotide analogs, nucleotides 
nucleotide analogs, and organic or inorganic compounds, e.g., heteroorganic or organometallic 
compounds. 

Test compounds can be screened individually or in parallel. An example of parallel 
screenmg „ a high throughput drug screen of large libraries of chemicals. Such libraries of test 
compounds can be generated or purchased, e.g., from Chembridge Corp., San Diego CA 
L.branes can be designed to cover a diverse range of compounds. For example, a Horary can 
•ncludc 500, 1000, 10,000, 50,000, or 100,000 or more unioue compound, Alternatively, prior 
expectation and anecdotal evidence can suggest a Cass or category of compounds of 
enhanced potential. A library can be designed and synthesized to cover such a Cass of 
chemicals. 

Examples of methoda for the synthesis of molecular libraries can be found in the 

uemture, for example in: DeWut e t a.. (, 993, Proc. Nad. Acad. Sci. U.S.A. 90:6909; Em e, al. 
0994, Pmc. NatI . Acad . Sc , USA 91: , , 422; 2uckennam a ^ 

Cho c, al. (1993, Science 261:1303; Catrel, e. al. (1994, Angcw. Cham. In,. Ed. Engl. 33 2059 
Care,, e, a,. 0 994, Angew. Chem. In,. Ed. Engl. 33:2061 ; and Gallop e, al. (1994, J Met, 
Chem. 37:1233. ' 

Libraries of compounds may be presented in solution (e.g., Houghten (1992) 
f* 1 " 13:4,2 - 421 >' ° r °" "~ ds «- <>*>» M— 354:82-84), chips (Fodor (1993) 

No. 5,223,409), plasm,* (Cull a, a,. (1 992) Prcc Ha,, Acaa Sci USA 89:1865-1 869) or on phage 
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(Scoc. and Smith (.990) Science 249:386-390; Devlin (,990) Science 249:404-406; Cwirla e, a, 
(.990) ft. MX ^ Sc , 87:6378 . 6382; FeUci <,„,)., Mo , m , 222 . M ' 
supra,). 

If, nematode is to be used in the present methods, it ean be of any genus and species 
e.g., any annual, plant, or insect parasitic nematode, or any free-living terrestrial or aquatic (i e 
marine or freshwater) nematode, that is capable of harboring one or more of the constructs ' " 
described herein. An example of a particularly useful nematode is C. elegans. Likewise if a 
cultured nematode cell (e.g., a cultured nematode intestinal cell) is to be used, it can be isolated 
from any genus and species of nematode. Further, if a mammalian cell is to be used, it can be 
any mammalian cell, e.g., 3T3, HeLa, and/or HD3 erythroblasts, among others 

The oxidative stress resistance gene promoter can be from a gene identified herein to be a 
arget of a SKN-1 polypeptide. As used herein, a "promoter" is a minima, sequence sufficient to 
chrect transcription; the promoter is located in the 5' region of the native gene. For example the 

T ^ fr ° m 3 8Cne enC ° din8 CnC ° din8 Y " 8lUtamine CySt6ine S ^ hase heavy chain' 
(GCS(h)) (gcs-J, sequences for which are set forth in WormBase as F37B12.2); glutathione 

^thetase (sequences for which are set forth in WormBase as M176.2); NADH quinone 
ox ld oreductase (set forth in WormBase as F39B2.3); superoxide dismutase {s od-J sod-2 and 
sod-3; sequences for which are set forth in WormBase as C15F1.7; F10D1 1 1- C08A9 1 ' 
respectively); catalase (**-/; sequences for which are set forth in WormBase as Y54G1 1 A 6- and 
several forms of glutathione S-transferase (sequences for which are set forth in WormBase as 
R03D7.6, F35E8.8, Fl 1 Gl 1.2, and K08F4.7), among other, In certain embodiments of the 
present invention, a SKN-1 promoter is included in a transgene (sequences for which are set 
forth in the WormBase database as T19E7.2a, T19E7.2b, and T19E7.2c). 

The present invention contemplates that promoters can be modified to provide 
preferential (i.e., organ- and/or tissue-specific) expression (and/or repression) of a construct 
Examples of such modifications are described in detail in Example 1 (below). There gcs-J 
promoter deletions were constructed using PGR. Predicted SKN-1 polypeptide binding sites 
(underlined) were altered as follows: Site 1 -608 GATGAQAAT to CTGCAGAAT Site 2 317 

patterns of the construct changed depending upon the deletions made. For example, the gcsA 2 
mutat.on eliminated pharyngeal GCS-1 ,GFP expression, but allowed near-wild type levels of 
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ASI and intestinal expression. Concurrent ablation of SKN-1 binding site 3 (gcs* 2,mut3) 
eliminated transgene expression in all tissues. Skilled practitioners will appreciate that similar 
procedures could be used to cause preferential expression of other constructs. 

The "reporter gene" can be any sequence the expression of which can be detected or 
measured, other than the coding sequence to which the promoter naturally is operably linked 
Typically, the reporter gene is heterologous to the nematode, isolated nematode cell, or isolated 
mammalian cell in which promoter activity is measured. Examples of reporter genes include 
without hmitation, genes that encode green fluorescent protein (or any other fluorescent marker) 
chloramphenicol acetyl transferase (cat), fi-glucuronidase (gus% O-Galactosidase (lacZ) 
luciferase, and the like. Reporter gene expression can be measured by any of a number of 
conventional methods, and the optimal method will depend upon factors such as the nature and 
toon of the reporter gene. In general, suitable assays of reporter gene expression include 
methods such as (i) assaying the function of a product of the reporter gene (e.g., measuring an 
enzymahc reaction catalyzed by a product of the reporter gene); (ii) measuring the level of 
protein expressed from the reporter gene (e.g., by SDS-PAGE or in an immunoassay using 
antibodies (e.g., polyclonal or monoclonal antibodies) that specifically bind to the product of the 
reporter gene; and (iii) measuring the level of mRNA transcribed from the reporter gene. 
Included within the invention are assays that permit high throughput screening of test 
compounds. 

The aforementioned reporter genes, and methods for measuring their expression, are well 
known to those of ordinary skill in the art. Methods for making the transgenes and their 
incorporation into the genomes of organisms, e.g., nematodes, or cells, e.g., cultured nematode or 
mammahan cells, are also well known in the art. Example 1 (below) describes in detail how to 
make ges- J. :gf P and skn-lr.gfp transgenes, how to incorporate such transgenes into the genome 
of C. elegans, and how to measure expression of the transgenes (a microscopy-based screen is 
performed in that Example). Skilled practitioners will appreciate that similar protocols could be 
used to create other transgenes described herein, and to incorporate those transgenes into other 
types of nematodes and cultured cells. The present invention contemplates that more than one 
type of transgene can be inserted into the genome of a nematode or cell. 

Compounds capable of activating the SKN-1 -mediated oxidative stress response in an 
.mtial screen discussed above can be considered candidate activating compounds, i.e., candidate 
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SKN-Umrfiated oxidative stress response-activating compounds. Such 

can be subjected ,„ a confirmatory step, e.g, ,„ define whether the candidate expound 

. eH). Methods for evaluating ,be oxidative stress Stance of a cell or otganism (e.g., re,a«ive 

7, ' 7 T ta ^ ^ ■"' ^ fM an organism or cel, to 

~ndtnons of oxtdative stiess (e.g., using ^ compounds or by increasi „ g fc ° 

the cu.tore env.rontnent, and measuring overai, survive, rate. Alternatively or in addition the 
confirmatory step can involve dcetnnning whether .he candidate compound is capable of 
meteasing expression of a, teas, one gene invo.ved in the vertebra,. Nrf oxidative stress response 
pathway, ustng transgenes (simitar to those described herein) or any other method known in the 
art for nteasuring increased expression (e.g., Western b.o,ti„g>. Candidate activating eontpounds 
th tnctease ox.dattve sties* resistance in a netnatode, cuttured nematode ceU, or mammalian 
eel , or that are capable of increasing expression of a, teas, one gene involved in the vertebrate 

.. Ilenl reSP ° nSe Pa ' hWay ' ^ CO " Sidered ° XidatiVe '^"-activating 

Alternatively or in addition, a different confirmatory step can be carried ou,. This s,ep 
mvo.ves provtding a nematode no, capable of expressing a SKN-1 polypeptide (i.e., a a**-, 
mutant) containing „ leas, „„e lnms ge„e fl lal includes an oxidative stiess resistence gene 
promo,er operably finked to a reporter gene; and contacting the nematode with the ,es, 
compound. If the transgene disp,ays no increase in expression, ,he candidate compotmd 
speetfically activates the SKN-.-mediated oxidative stress response, and can be considered an 
oxidative stress response-activating agent. 

Compounds capable of inhibiting the SKN-l-mediated oxidative sbess response in an 

. s n ™ 3 ?TT above can be considere<I candida,e inhibi,in8 «"~ — *- 

SKN-,-med,a,ed oxtdative stress response-nhibiting compounds. Such candidate inhibitory 
compounds can also be subjected to a confirmatory step, e.g., to determine whether the ctmdidate 
mh. rtory compoun decreases ,he overal, oxidative stress Stance of a nematode or cultured 
ee l (e.g„ a mammaban ccll). Alternatively or in addition, the confirmatory step can invdve 
determmtng whether the candidate compound is capable of decreasing (or preventing increased 
expresston under conditions of oxidative stress) expression of a, leaa, one gene invoL in ,he 
vertebrate Nrf oxidative atiess response pathway (or an oxidative stress resistance gene no, 
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utihzed ,n the initial screen). Such screens can be carried out using transgenes similar to those 
descnbed herein or any other method known in the art for measuring increased or decreased 
express™ (e.g., Western blotting). Candidate inhibiting compounds that decrease oxidative 
stress resistance in a nematode, cultured nematode cell, or mammalian cell, or prevent (or 
5 decrease) increased expression of another oxidative stress resistance gene under conditions of 
Mutative stress, can be considered an oxidative stress response-inhibiting agent. 

Some screens of the present invention require subjecting the nematode or cell to 
conditions that activate the SKN-1 -mediated oxidative stress response in the absence of a test 
compound. Such conditions include exposing the nematode or cell to a known antioxidant e g 
10 sulforaphane. Other conditions include, e.g., exposure to the herbicide paraquat (methyl ' 
viologen), heat, CdCl 2 , arsenite, U 2 02, diamide, and/or sodium azide. 

Ill Vitro Screening Methnrk 

The invention also provides in vitro methods for determining whether test compound is a 
15 candidate SKN-1 -mediated oxidative stress response-inhibiting compound. In one embodiment 
the method includes contacting a SKN-1 polypeptide, or a fragment thereof (e.g , a SKN-1 
Domain) or SKN-1 DNA with a test compound; and detecting interaction of the test compound 
wnh the SKN-1 polypeptide (or fragment thereof) or SKN-1 DNA. An interaction (e.g , direct or 
md.rect binding) indicates that the test compound is a candidate SKN-1 -mediated oxidative 
20 stress response-inhibiting compound. 

Another method takes advantage of interactions between SKN-1 polypeptides and 
oxidative stress resistance genes that are targets of SKN-1 polypeptides. The method includes 
proving a polypeptide that includes a SKN-1 polypeptide (or fragment thereof that is capable 
of interacting (i.e., binding) with an oxidative stress resistance gene, e.g., a SKN-1 Domain) and 

25 an oxulative stress resistance gene. The oxidative stress resistance gene can be a gene identified 
herem as being a target for SKN-1 polypeptides, e.g., genes encoding 7 -glutamine cysteine 
synthase heavy chain, glutathione synthetase, NADH quinone oxidoreductase, superoxide 
(hsmutase, catalase, or glutathione S-transferase. Alternatively, a nucleic acid sequence that 
mcludes a SKN-1 polypeptide-binding fragment of the oxidative stress resistance gene can be 

» provided. Examples of SKN-1 polypeptide binding fragments for a number of oxidative stress 

resistance genes are provided in Table 1. The method further includes contacting the polypeptide 
compnsing the SKN-1 polypeptide (or fragment thereof) and a nucleotide sequence comprising 



&J3»t-7S .„ ; 0€» 1303 

1O861-O32P0I 



an ox.dative ateess resistance gene (o, SKN-1 po.ypeptide-binding fragment .hereof, with . , es , 
compound; and defining whether the SKN-1 polypeptide (or fragment thereof) and the 
«*"-■"- — — gone (or SKN-1 polypeptide-binding (ragntent thereof, interact (i.e., 
bmd) m ft. presence of ,he test compound. If no or decreased interaction is evident, fte ,es. 

compound can be considered a candidate SKM l m ~n^ a -j • 

d canaiaate bKN- 1 -mediated oxidative stress response-inhibiting 
compound. & 

As in fte in vivo screening methods, compounds isolated using fte in vitro meftods can 
be subjected ,„ any confirmatory step herein described herein. Sktiled practitioner* win 
appreciate fta, in any screening meftod described herein, homologues of SKN-1 (e g genes or 
Peptides) c„„,d be substituted for fte SKN-1 DNA or polypeptide. Where such Si- 
ne made, the screens could be carried out essentially as described herein. 

Medicinal Chemistry 

Once a compound (or agen.) of interest has been identified, standard principles of 
medtcmal chemistry can be us*. ,„ produce derivatives of fte compound. Derivatives can be 
screened for unproved pharmacologic,, properties, for example, efficacy, phamtaco-kinetica, 
Slabthty, solubthty, and Cearance. The moieties responsible for a compendia activity in fte 
assays described above can be definealed by examination of strttenne-activity relationships 
(SAR) aa ts commonly practiced in fte art. A peraon of ordinary skill in pharmaceutical 
chermstry could modify moieties on a lead compound and measure fte effects of fte 
mediation on fte efficacy of fte compound to thereby produco derivatives wift increased 
potency^ For an exampte, see Nagarajan « (19gg)^ ^ 0 ,. 41: 1430 . 8 . Fm0KmoIe jf 
he btochemtca, targe, of fte compound (or agent, is hoM or determined , „. ^ 
targe and fte compound can inform fte deaign and optimization of derivatives. Molecular 
modehng software is commercially avai.able (e.g., Mo,ecu„r Simulations, Inc.) for ftis purp o se . 

Isolated rnmpm.n^ 

Skilled practitioners „H, appreciate fta, compounds isobted using fte screens described 
herein can be used to treat a number of conditions or disorders 

Oxidative stress contributea ,o human pafto,ogies fta, indude diabetes, afterosCcrosis 

408. 239-247 (2000). The ROS defenses mobiHaed by human Nrf proteins are ftough, ,o be 
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^ ^ ™ S «*— pathway ia also important for drug 

demxtficahon, Md therefore for chemotherapeutjc agrat ^ 

""" P ~ ^ « * *~ ™ A °°« « U.S.A „ 

' 2941-2943 (2001)). For example, dietary consumption of chemoprotective 
^tioxtdan* acts through NrC to inhibit chemical .„ 

of g^romtesttnal and llmg romors in human, (sw , e . g „ r^,.^ „ „ ^ ^ 
U.S.A , 8: 34,0-34,5 < 200.); Fahey e, a,. Proc Nad Acad Sei US.A 99: 7«,0- 7(St ^ 
andThimmulappaetal.CancerRe S 62:5196-5203(2O02)) 

shown ( ACCOrdinS ' y> Can,,idate SKN -'-«««-ed oxidative stress response-acting eompounds 
shown to mcrease rhe oxidative srreaa resistance of mammalian cchs (oxidative s .rel response 
_g agents) can he used as nove, antioxidants. Such antioxidants cou.d he used toZ a 
numher of conditions inching, but nol limited ^ _ « * 

e^sed ,„ chemoprevennon), arteriosus, me effects of diahetea (e .,, the neuropath, and 
vascuW comphcanons associated therewith, is,e. cel. destntction, and detriment., insulin . 
responses, neurodegenerative diseases (e. g „ hy increasing neurona, oxidative sheas resist 
and, herefore, survtva,,, raperturion injury (e.g.. injury arising flnm oxidative stress caused hy 
hypotenston, myocardial infarction, and/or srioxe); me effect of sleep apnea (e.g., vascu,ar 
mjury anstng from the cycle of hypoxia/reoxygenation); viral infection (e.g., human 
tmmunodeficiency vims infection,; bacteria, infections (e.g., in the gut); and toxicity (e.g drug 
•oxtcty (eg, arising from chemotherapy), heavy m«a, and hepatic toxicity) 

f ,b ' ,0 ' S ~ a,SO -«-- clinica. settings. For examp.c, candidate SKN-1- 

med ated oxtdauve stmss response-inhibiting compounds shown to reduce me oxidative stress 
— Of mammalian ce„s (oxidative stress rosponse-inbimting agents) can he used t 
cIT:^ ^ «— « • ^-er, in certain cancer 

regnlatron As s„„ another example, reactive oxygen species (ROS, production p,ays a 

1 "r T " taflamn,at0ry reSP ° nSeS> WWch «"» * - decreased nsing 

an inhibitor described herein. g 



22 



10 



15 



20 



25 



30 



1086I-032P01 



Modulation of the SKN-l-Mediated Oxidative Stress Response 

The invention provides methods for modulating the SKN-1 -mediated oxidative stress 
response that fall into two basic categories: inhibiting (e.g., limiting or reducing) the SKN-1 
SKN-l-mediated oxidative stress response, and activating, e.g., supplementing or providing 
oxidative stress response activity where there is insufficient or no activity. Whether the SKN-l 
mediated oxidative stress response is inhibited or increased depends on the intended application. 

Inhibition of the Response 

In some embodiments, the invention provides for inhibiting the SKN-l-mediated 
oxidative stress response. Agents that inhibit can be used as, e.g., novel pesticides to control 
insects or nematodes (e.g., pathogenic nematodes). Agents that inhibit the SKN-l-mediated 
oxidative stress response are useful to inhibit nematode reproduction, decrease nematode 
lifespan, and increase nematode sensitivity to oxidative stresses (thereby making the nematode 
easier to eradicate, e.g., using known pesticides). Such agents are also useful for inhibiting 
SKN-1 activation of the oxidative stress response in a laboratory/research setting in order to 
identify other genes and/or proteins involved in this oxidative stress response pathway. 

For example, an antisense nucleic acid effective to inhibit expression of an endogenous 
SKN-1 gene can be utilized. The antisense nucleic acid can include a nucleotide sequence 
complementary to an entire SKN- 1 RNA or only a portion of the RNA. On one hand, the 
antisense nucleic acid needs to be long enough to hybridize effectively with the SKN-1 RNA. 
Therefore, the minimum length is approximately 10, 1 1, 12, 13, 14, or 15 nucleotides. On the 
other hand, as length increases beyond about 150 nucleotides, effectiveness at inhibiting 
translation increases only marginally, while difficulty in introducing the antisense nucleic acid 
into target cells may increase significantly. In view of these considerations, a preferred length 
for the antisense nucleic acid is from about 15 to about 150 nucleotides, e.g., 20, 25, 30, 35, 40, 
45, 50, 60, 70, or 80 nucleotides. The antisense nucleic acid can be complementary'*, a coding 
region of SKN-1 mRNA or a 5' or 3' non-coding region of a SKN-1 mRNA (or both). One 
approach is to design the antisense nucleic acid to be complementary to a region on both sides of 
the translation start site of the SKN-1 mRNA. 

The antisense nucleic acid can be chemically synthesized, e.g., using a commercial 
nucleic acid synthesizer according to the vendor's instructions. Alternatively, the antisense 
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nucleic acids can be produced using recombinant DNA techniques. An antisense nucleic acid 
can incorporate only naturally occurring nucleotides. Alternatively, it can incorporate variously 
modified nucleotides or nucleotide analogs lo increase its in vivo half-life or to increase the 
stability of the duplex formed between the antisense molecule and its target RNA. Examples of 
5 nucleotide analogs include phosphorothioate derivatives and acridine-substituted nucleotides 
G.ven the description of the targets and sequences, the design and production of suitable 
antisense molecules is within ordinary skill in the art. For guidance concerning antisense nucleic 
aods, see, e.g., Goodchild, "Inhibition of Gene Expression by Oligonucleotides," in Topics in 
Molecular and Structural Biology. Vol.12: Oligodeoxynucleotides (Cohen, ed.), MacMillan 
10 Press, London, pp. 53-77. 

Delivery of antisense oligonucleotides can be accomplished by any method known to 
those of skill in the art. For example, delivery of antisense oligonucleotides for cell culture 
and/or ex vivo work can be performed by standard methods such as the liposome method or 
simply by addition of membrane-permeable oligonucleotides. To resist nuclease degradation 
15 chemical modifications such as phosphorothionate backbones can be incorporated into the 
molecule. 

Delivery ofantisense oligonucleotides for /„ vivo applications can be accomplished for 
example, via local injection of the antisense oligonucleotides at a selected site. This method has 
prev.ously been demonstrated for psoriasis growth inhibition and for cytomegalovirus inhibition 
20 See, for example, Wraight et al., (2001). Pharmacol Ther. Apr; 90(1):89-104.; Anderson et al 
(1996) Antimicrob Agents Chemother 40: 2004-201 1; and Crooke et al., J Pharmacol Exp Ther 
277: 923-937. 

Similarly, the present invention anticipates that RNA interference (RNAi) techniques 
could be used to inhibit the SKN-1 -mediated oxidative stress response, in addition or as an 

25 alternat, ve to, the use of antisense techniques. For example, small interfering RNA (siRNA) 
duplexes directed against SKN-1, or any oxidative stress response gene target of SKN-1, could 
be synthes, Z ed and used to prevent expression of the encoded protein(s). Skilled practitioners 
will also appreciate that RNAi techniques could be used in screens to identify other genes and/or 
protems that modulate the SKN-l oxidative stress response pathway. For example, these 

* techmques could be used in a screen for genes that when inhibited allowed constitutive activation 
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of the gcs-l: :g fp transgene, or that prevented the ecs-1 ■ ~f n ^ 

oxidative stress or antioxidants. • ^ *" ^ * 

As another example, SKN-1 polypeptide activity can be inhibited using a SKN 1 
polypept.de binding molecule such as an antibody, eg an anti SKN 1 n l ' 
a SKN-1 polypeptide -binding fragment thereof The ^ 1 T " 

polyclonal or a monoclonal antibody. AltemanveZta ^ m^ll T ^ " 3 
—tly, e.g., produced by phage ^ or ^ ZcHbLt ^ 

e.g., Ladner et al. U.S. Patent No 5 223 40Q- k™„ . . t Ascribed m, 

92/1 86 1 0- n - _ 5 >223,409, Kang et al. International Publication No. WO 

92/18619, Dower et al. International Publication No WO 91/17271 • w t ♦ . . 
Publication WO 92/20701 - iwr u, „ ' mter et aL ^national 

WO 92/20791, Markland et al. International Publication No. WO 92/15679- 

Brerthng et al. Internationa, Publication WO 93/01288; McCafferty et al. International " 
P hcanon No. WO 92/01047; Garrard et al. International Publication No. WO oZ 90- 

^ 3 2 7n n : PUbUCati0n NO ' W ° - *«• C«D 

4 27 U^Z Z T Huse et al. (1989) ^ 

^10.1275-1281, Gnffthsetal. (1993) EMBOJ 12 725 7^4- h„ 

226-rkq Ror r-. , i^-725-734, Hawkins et al. (1992) JMol Biol 

226.889-896; Clackson et al. (1991) Nature 352-6?4 ^ . 

-»<ro« Jvuiure jj2. 624-628; Gram et al. (1 992} PNA ? 

/to 19-4133 4117- = u »'2. , 373 1377, Hoogenboom et al. (1991) M,e ,4c,rf 

Kes 19.4133-4137- and Barbas ct al. (1991) «WS 88:7978-7982 

As used herein, the term "antibody refers to a protein comprising a. leas, one and 
preferably Kvo, heavy (H, ehain variaMe regions (abbreviated heroin as W, Z ,T 
drably ^ „gh, (L) ehatn variable regions (abbreviated her: ^ " ^ 

e,o„s can be fttrther subdivided into regions of hypervariability, tentted "oon^Z n,a2 
e.e™.n,„g region,- rCDR .>, ^ ^ conserv^T 

framework regions" (FRi Thr PY (pnt „ f< u =>crvea, Termed 

&i io vr*.j. 1 «e extent of the framework reeion and rn» hoc u 
defined (see, Kabat E A et al noon c e g«on and CDR s has been precisely 

Edition U S V I ° W " ° //>r0/ei>W "f^ological Interest. Fifth 

Chl h r Heahh HUman SerViCCS ' NM Publ -«°n No. 91-3242 and 

Chothia, C. et al. (1987) y. Mol. Biol. 196:901-917) Each VH and vt • 

rnn-e o„,i *• ™ ^ H 31,41 VL IS composed of three 

An anti-SKN-1 polypeptide antibody can further include a heavy and lisht eh ■ 
region, to thereby form a heaw »„h i u* • *** ham eonst ^ 

y form a heavy and light immunoglobulin chain, respectively. The antibody can 
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be a tetramer of two heavy immunoglobulin chains and two light immunoglobulin chains, 
wherein the heavy and light immunoglobulin chains are inter-connected by, e.g., disulfide bonds. 
The heavy chain constant region is comprised of three domains, CHI, CH2, and CH3. The light 
chain constant region is comprised of one domain, CL. The variable region of the heavy and 
light chains contains a binding domain that interacts with an antigen. The constant regions of the 
antibodies typically mediate the binding of the antibody to host tissues or factors, including 
various cells of the immune system (e.g., effector cells) and the first component (Clq) of the 
classical complement system. 

A "SKN-1 polypeptide-binding fragment" of an antibody refers to one or more fragments 
of a full-length antibody that retain the ability to specifically bind to SKN-1 polypeptide or a 
portion thereof. "Specifically binds" means that an antibody or ligand binds to a particular target 
to the substantial exclusion of other substances. Examples of SKN-1 polypeptide binding 
fragments of an anti-SKN-1 polypeptide antibody include, but are not limited to: (i) a Fab 
fragment, a monovalent fragment consisting of the VL, VH, CL and CHI domains; (ii) a F(ab')2 
fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the 
hinge region; (iii) a Fd fragment consisting of the VH and CHI domains; (iv) a Fv fragment 
consisting of the VL and VH domains of a single arm of an antibody, (v) a dAb fragment (Ward 
et al., (1 989) Nature 341 :544-546), which consists of a VH domain; and (vi) an isolated 
complementarity determining region (CDR). Furthermore, although the two domains of the Fv 
fragment, VL and VH, are encoded by separate genes, they can be joined, using recombinant 
methods, by a synthetic linker that enables them to be made as a single protein chain in which 
the VL and VH regions pair to form monovalent molecules (known as single chain Fv ( sc Fv); 
see e.g., Bird et al. (1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. 
USA 85:5879-5883). Such single chain antibodies are also encompassed within the term "SKN-1 
polypeptide-binding fragment" of an antibody. These antibody fragments can be obtained using 
conventional techniques known to those with skill in the art. 

The anti-SKN-1 polypeptide antibody can be a felly human antibody (e.g., an antibody 
made in a mouse which has been genetically engineered to produce an antibody from a human 
immunoglobulin sequence), or a non-human antibody, e.g., a rodent (mouse or rat), goat, primate 
(e.g., monkey), camel, donkey, porcine, or fowl antibody. 
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An anti-SKN-1 polypeptide antibody can be one in which the variable region, or a 
portion thereof, e.g., the CDRs, are generated in a non-human organism, e.g., a rat or mouse. 
The anti-SKN-1 polypeptide antibody can also be, for example, chimeric, CDR-grafted or 
humanized antibodies. The anti-SKN-1 polypeptide antibody can also be generated in a non- 
human organism, e.g., a rat or mouse, and then modified, e.g., in the variable framework or 
constant region, to decrease antigenicity in a human. 

Another approach to inhibiting SKN-1 activity is the administration of a SKN-1 
antagonist that binds to (i.e., blocks) SKN-1 polypeptides and prevents it from interacting with 
its target gene (e.g., a gene involved in the oxidative stress response, e.g.. a Phase II 
detoxification gene). Such SKN-1 polypeptide antagonists can be identified using a screening 
method described herein. Alternatively, the SKN-1 antagonist can be an anti-SKN-1 polypeptide 
antibody, or fragment thereof, as described above. 

Activation of the Response 

In some embodiments, the invention provides for activating the SKN-1 -mediated 
oxidative stress response. Agents that activate can be used, e.g., to increase the oxidative stress 
resistance of beneficial pathogenic nematodes, e.g., those used to protect crops by 
ehminating/confrolhng the population of certain insects. Examples of such nematodes are 
Stemernema carpocapsae, S. Glaseri and Heterorhabditis spp. Such agents are also useful for 
e.g., activating the oxidative stress response via SKN-1 in a laboratory/research setting in order 
to identify other genes and/or proteins involved in the oxidative stress response pathway 

For example, new or supplemental SKN-1 activity can be provided in vivo by direct 
administration of a recombinant SKN-1 polypeptide, e.g., to pathogenic nematodes prior to 
during, and/or after their introduction into the environment of interest. SKN-1 polypeptide that 
can be used to supplemental SKN-1 activity are described herein, e.g., SEQ ID NO 2 or a 
fragment thereof. Another is described in Example 1 . There, a SKN-1 /green fluorescent protein 
fusion protein is described. Such polypeptides can be used "as is" or modified. Examples of 
modifications include derivation of amino acid side chains, glycosylation, conservative amino 
acd substitutions, and chemical conjugation or fusion to other non-SKN-1 polypeptide moieties 

Alternatively or in addition, a SKN-1 polypeptide can be introduced indirectly into an 
organism, e.g., a nematode, by expressing within the cells of the organism a nucleic acid 
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construct containing a nucleotide sequence encoding a SKN-1 polypeptide. Any appropriate 
expression vector suitable for transfecting the cells of the organism of interest can be used in the 
invention. The nucleic acid construct can be derived from a non-replicating linear or circular 
DNA or RNA vector, or from an autonomously replicating plasmid or viral vector. Methods for 
constructing suitable expression vectors are known in the art, and useful materials are 
commercially available. With respect to nematodes, an example for producing transgenic skn- 
l::gfp strains of C. elegans is discussed in detail in Example 1 . 

Another approach to increasing SKN-1 activity is the administration of an antioxidant 
(e.g., sulforaphane) or other compound, e.g., a compound isolated using one of the screening 
methods described above. Such a compound can be, e.g., a small organic or inorganic molecule, 
e.g., a novel antioxidant. 

Pharmaceutical Compositions 

The compounds, nucleic acids, and polypeptides, fragments thereof, as well as antibodies 
e.g., anti-SKN-1 polypeptide antibodies other molecules and agents of the invention (also 
referred to herein as "active compounds"), e.g., novel antioxidants, can be incorporated into 
pharmaceutical compositions. Such compositions typically include the nucleic acid molecule 
protein, or antibody and a pharmaceutical ly acceptable carrier. A "pharmaceutically acceptable 
earner" can include solvents, dispersion media, coatings, antibacterial and antifungal agents 
isotonic and absorption delaying agents, and the like, compatible with pharmaceutical 
administration. Supplementary active compounds can also be incorporated into the 
compositions. 

A pharmaceutical composition is formulated to be compatible with its intended route of 
administration. Examples of routes of administration include parenteral, e.g., intravenous 
mtradermal, subcutaneous, oral (e.g., inhalation), transdermal (topical), transmural, and rectal 
admimstration. Solutions or suspensions used for parentera., intradermal, or subcutaneous 
application can include the following components: a sterile diluent such as water for injection 
saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic 
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid- 
buffers such as acetates, citrates or phosphates and agents for the adjustment of tonicity such as 
sodium chloride or dextrose. pH can be adjusted with acids or bases, such as hydrochloric acid 
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or sodium hydroxide. The parenteral preparation can be enclosed in ampoules, disposable 
syringes or multiple dose vials made of glass or plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of 
stenle mjectable solutions or dispersion. For intravenous administration, suitable carriers 
include physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany NJ) or 
phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be 
fluid to the extent that easy syringability exists. It should be stable under the conditions of 
manufacture and storage and must be preserved against the contaminating action of 
m.croorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium 
contammg, for example, water, ethanol, oolyol (for example, glycerol, propylene glycol, and 
hquui polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can 
be mamtained, for example, by the use of a coating such as lecithin, by the maintenance of the 
requxred particle size in the case of dispersion and by the use of surfactants. Prevention of the 
acuon of microorganisms can be achieved by various antibacterial and antifungal agents for 
example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many 
cases, ,t will be preferable to include isotonic agents, for example, sugars, polyalcohols such as 
mann.tol, sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable 
composxtions can be achieved by including an agent which delays absorption, e.g., aluminum 
monostearate and gelatin in the composition. 

Sterile injectable solutions can be prepared by incorporating the active compound in the 
rcqmred amount in an appropriate solvent with one or a combination of ingredient* enumerated 
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
mcorporating the active compound into a sterile vehicle which contains a basic dispersion 
medmm and the required other ingredients from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, the preferred methods of preparation 
are vacuum drying and frceze-drying which yields a powder of the active ingredient plus any 
add.nonal desired ingredient from a previously sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. For the purpose 
of oral therapeutic administration, the active compound can be incorporated with excipients and 
used m the form of tablets, troches, or capsules, e.g., gelatin capsules. Oral compositions can 
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also be prepared using a fluid carrier for use as a mouthwash. Pharmaceutical* compatible 
bmdmg agents, and/or adjuvant materials can be included as part of the composition The 
tablets, pills, capsules, troches and the like can contain any of the following ingredients or 
compounds of a similar nature: a binder such as microcrystaHine cellulose, gum tragacanth or 
gelatm; an excipient such as starch or lactose, a disintegrating agent such as alginic acid 
Pnmogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant such as 
colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent 
such as peppermint, methyl salicylate, or orange flavoring. 

For administration by inhalation, the compounds are delivered in the form of an aerosol 
spray from pressured container or dispenser that contains a suitable propellant, e.g., a gas such as 
carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmural or transdermal means For 
.transmural or transdermal administration, penetrants appropriate to the barrier to be permeated 
are used m the formulation. Such penetrants are generally known in the art, and include for 
example, for transmural administration, detergents, bile salts, and fusidic acid derivatives 
Transmural administration can be accomplished through the use of nasal sprays or 
supposuories. For transdermal administration, the active compounds are formulated into 
ointments, salves, gels, or creams as generally known in the art. 

The compounds can also be prepared in the form of suppositories (e.g., with conventional 
suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal 
delivery. 

In one embodiment, the active compounds are prepared with carriers that will protect the 
compound against rapid elimination from the body, such as a controlled release formulation 
including impJants and microencapsulated delivery systems. Biodegradable, biocompatible' 
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid 
collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations will 
be apparent to those skilled in the art. The materials can also be obtained commercially from 
Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes 
targeted to infected cells with monoclonal antibodies to viral antigens) can also be used as 
Pharmaceutically acceptable carriers. These can be prepared according to methods known to 
those skilled in the art, for example, as described in U.S. Patent No. 4,522,81 1. 
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I. ,, advantageous ,o ta*e ora] or parenteral composition, in dosage unit fom for 
ease of administration and un i formjly of dosage ^ ^ ^ ^ ^ ^ 

phys,ca,.y discrete „ni,s suited as unitary dosages for the subject ,„ be treated; each unit 
contatntng a predetermined quantity of active compound emulated ,„ produce the desired 
therapeutic effect in association with the requited pharmaceutical carrier 

Toxicity and therapeutic efficacy of such compounds can be determined by standard 
ph„,ica, procedures in ce» cutanea or experiment animals, e.g.. for detenrtining the 
LD50 (the dose ,c.ha, te 50% of the popuiation) and the ED50 (the dose therapeutical effective 
m 50/„ o f the p„p„,aUo„). The dose ratio between toxic and therapeutic effects is me therapeutic 
■ndex and „ can be expressed as the ratio LD50/ED50. Compounds which exhibit high 
therapeutic indices are preferred While compounds ,ha« exhibit toxic side effects may be user, 
care sh„u,d be taken to design , dehvery system tha, targets such compounds ,0 the site of 
affected tissue, e.g , bone or cartilage, in order to minirniae potentia, damage to uninfected cel,s 
and, thereby, reduce side effects. 

The data obtained from eel, culrere assays and anima. stedies can be used in fotnurtating 
a range of dosage for use in humans. The dosage of such compounds lies preferaWy within a 
range of cremating concentrations mat include the BD50 with little or no toxicity. The dosage 
may vary within this range depending upon the dosage fonu employed and the route of 
admtmsnation „,il iz ed. For any compound used in me method of the invention the 
therapeutical,, effective dose can be estimated initiaUy from oel, culture assays. A dose may be 
ft™«.a.«d ,n anima, models to achieve a circuUting pl asma concentration range that include 
.he IC50 (, ,., the concentration of the test compound which achieves a half-maximal inhibition 
of symptoms) as determined in cell culture. Such information can be used to more accurate* 

determine useful doses in humans I ™»ic. ;„ „i„„ 

in numans. Levels in plasma may be measured, for example, by high 

performance liquid chromatography. 

or uol F °T ', SKN "' ^"'^ aee "' S deSCribed herein> " ™° u ". •* <* • P^'n 

or polypept.de (,.e., an effective dosage), ranges from about 0.00. to 30 mg/kg body weigh, e * 

about 0.0, ,o 2 5 mgtkg body weigh,, e.g. about 0, ,o 20 mg* 6 body weigt The IZ^l 
polypept.de can be administered on. ,ime per week for between abou, , ,„ , 0 weeks e g 
between 2 ,„ 8 weeks, about 3 ,„ 7 weeks, or for abou, 4, 5, or 6 weeks. The skilled 'artisan wiU 
apprecate that cere,™ factors inftaence the dosage and timing required ,„ effocUvdy treat a 
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patient, including but not limited to the type of patient to be treated, the severity of the disease or 
disorder, previous treatments, the general health and/or age of the patient, and other diseases 
present. Moreover, treatment of a patient with a therapeutically effective amount of a protein, 
polypeptide, antibody, or other compound can include a single treatment or, preferably, can 
include a series of treatments. 

For antibodies, a useful dosage is 0. 1 mg/kg of body weight (generally 10 mg/kg to 20 
mg/kg). Generally, partially human antibodies and fully human antibodies have a longer half- 
life within the human body than other antibodies. Accordingly, lower dosages and less frequent 
administration are possible. Modifications such as lipidation can be used to stabilize antibodies 
and to enhance uptake and tissue penetration. A method for lipidation of antibodies is described 
by Cruikshank et al. ((1 997) J. Acquired Immune Deficiency Syndromes and Human 
Retrovirology 14:193). 

If the agent is a small molecule, exemplary doses include milligram or microgram 
amounts of the small molecule per kilogram of subject or sample weight (e.g., about 1 
microgram per kilogram to about 500 milligrams per kilogram, about 100 micrograms per 
kilogram to about 5 milligrams per kilogram, or about 1 microgram per kilogram to about 50 
micrograms per kilogram. It is furthermore understood that appropriate doses of a small 
molecule depend upon the potency of the small molecule with respect to the expression or 
activity to be modulated. When one or more of these small molecules is to be administered to an 
animal (e.g., a human) to modulate expression or activity of a polypeptide or nucleic acid of the 
invention, a physician, veterinarian, or researcher may, for example, prescribe a relatively low 
dose at first, subsequently increasing the dose until an appropriate response is obtained. In 
addition, it is understood that the specific dose level for any particular animal subject will depend 
upon a variety of factors including the activity of the specific compound employed, the age body 
weight, general health, gender, and diet of the subject, the time of administration, the route of 
administration, the rate of excretion, any drug combination, and the degree of expression or 
activity to be modulated. 

Nucleic acid molecules (e.g., SKN-1 DNA) of the invention can be inserted into vectors 
and used as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 
example, intravenous injection, local administration (see, e.g., U.S. Patent 5,328,470) or by 
stereotactic injection (see, e.g., Chen et al. (1994) Proc. Natl. Acad. Sci. USA 91 .3054-3057) 
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The pharmaceutical preparation of the gene therapy vector can include the gene therapy vector in 
an acceptable diluent, or can comprise a slow release matrix in which the gene delivery vehicle is 
imbedded. Alternatively, where the complete gene delivery vector can be produced intact from 
recombinant cells, e.g., retroviral vectors, the pharmaceutical preparation can include one or 
more cells which produce the gene delivery system. 

The pharmaceutical compositions can be included in a container, pack, or dispenser 
together with instructions for administration. 

The invention is illustrated in part by the following examples, which are not to be taken 
as limiting the invention in any way. 

Example 1: SKN-1 Links C. elevens Mesendodermal Sp e cification to a Conserved Oxidative 
Stress Response 

C. elegans strains and bioinfomatics 

Strains were maintained at 20-C unless otherwise noted, using standard methods 
(Brenner, Genetics 77: 71-94 (1974)). Alleles used were N2 Bristol as the wild-type, and skn- 
l(zu67) and {zul29) (Bowcrman et al. Cell 68: 1061-1075 (1992)). C. elegans orthologs of Nrf 
targets and other detoxification genes were identified by searching WORMpep or genomic 
databases (Sanger Centre). Predicted SKN-1 sites (Fig. 1Q 5' of their coding regions were 
identified with TFSEARCH (Heinemeyer et al. Nucleic Acids Res 26: 362-367 (1998)). 

Paraquat sensitivity and lifespan assays 

To assay sensitivity to paraquat, young adults were transferred from NGM agar plates 
into 24-well plates (6 per well) containing 0.3 ul of M9 that either did or did not contain lOOmM 
paraquat. Worms were incubated at 20C, and the number of dead animals was counted by the 
continuous absence of swimming movements and pharyngeal pumping. Lifespan assays 
performed essentially as described by Hsin et al. (Nature 399: 362-366 (1999)). Animals 
transferred to new plates daily and classified as dead when they did not move after repeated 
prodding with a pick. Animals that crawled away from the plate, exploded, or contained 
internally hatched worms were excluded from the analysis. 



were 
were 
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Plasmid constructions 

All PCR was performed using Pfu polymerase (Stratagene). GFP vectors pPD95.67 and 
pPDl 14.35 were obtained. A skn-l::gfp promoter fusion construct (SknPro::GFP; Fig. 5A) was 
created by ligating GFP vector pPD95.67 and an PCR-amplified 2.1 kb clone containing the 
5 promoter region and 38 amino acids from first ATG codon of the skn-J gene from cosmid T1 9E7 
(sequence information about this cosmid can be accessed in WormBase under number T19E7). 
To generate the SKN-1::GFP translational fusion construct (Fig. 5A), the 5.7 kb 
EcoRI DNA fragment that rescues the maternal skn-J phenotype and encodes the 533 amino acid 
SKN-1 protein (Bowerman et al. Cell 68: 1061-1075 (1992)) was amplified from cosmid B0547. 
10 A Clal site was created immediately 3 ' to the SKN- 1 C-terminus by the Quick Change method 
(Stratagene), which was used for all site-directed mutagenesis. This EcoRI fragment was 
subcloned into pUCI 8 that contained the upstream 1.3 kb Sphl-EcoRI fragment from 
SknPro::GFP (Fig. 5 A). A 0.8 kb Clal fragment that contained the GFP open reading frame 
(amplified from plasmid pPDl 14.35) was then cloned into the Clal site to generate an in-frame 
15 exon fusion of GFP to the SKN-1 C-terminus. 

The C. elegans gcs-J ORF (WormBase number F37B12.2) is between 45% and 54% 
identical to human, mouse, Drosophila and yeast GCS(h) (data not shown). To construct the 
gcs-J ::gfp transgene, a fragment which contained 1840 bp upstream of the initiation ATG, along 
with sequences encoding the 17 amino terminal GCS-t residues, was amplified by PCR from 
cosmid F37B12, and cloned into GFP vector pPD95.67. Promoter deletions were similarly 
constructed by PCR. In gcs-J point mutation constructs, predicted SKN-1 sites (underlined) were 
altered as follows: Site 1 -t508 GATGACAAT to CTGCAGAAT Site 2-317 GATGACTTA to 
CTGCAGTTA, and Site 3 -121 TTTATCATC to TTTCTGCAG 
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25 Transgenic analyses 

Transgenic strains were generated by injecting DNA into the gonad of young adult 
animals as described in Mello et al. (EMBO Journal 10: 3959-3970 (1991)). gcs-J::gfp transgene 
constructs (Fig. 3 A) were injected at 50 ng/jal along with the rol-6 marker (pRF4) at 100 ng/^1. 
Between three and six independent extrachromosomal lines were generated and analyzed for 
each gcs-J::gfp construct. To investigate GCS-1 ::GFP expression in the skn-J (zu67) 
background, rol-6-marked gcs-J r.gfp hermaphrodites were mated with N2 males, then their 
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transgenic progeny were crossed with skn-l(zu67)/DnTl hermaphrodites, which have an unc 
phenotype. After transgenic males were successively crossed twice with skn-1 (zu67)/DnTl 
hermaphrodites, unc; rol F3 hermaphrodite progeny were selected. From this population, skn- 
Kzu67)/DnTl; gcs-L.gfp animals were identified on the basis of their non- M „c; rol progeny 
laying dead eggs. Two different g cs-l::gfp lines were thereby crossed into the skn-1 (zu67) 
background and examined for GFP expression. DIG and fluorescence images were acquired 
with a Zeiss AxioSKOP2 microscope and AxioCam cooled color digital camera. 

To investigate expression ofgcs-l::gfp and mutant transgenes, worms were exposed to 
oxidative stress under the following conditions. For heat shock, worms cultured at 20-C were 
transferred onto prewarmed seeded plates and incubated at 29-C for 20 hours, then examined by 
fluorescence microscopy for GFP expression. gcs-l::gfp induction was also observed in an 
alternative heat treatment protocol, during which worms cultured at 20-C were transferred onto 
prewarmed plates and incubated at 34,C for 2 to 4 hours, then returned to 20C and examined for 
GFP expression hourly during a four hour recovery period. In the experiments described in 
Table 2, young adults were transferred to plates that contained ImM paraquat in the agar and 
maintained at 20G for 3 days prior to analysis. In an alternative induction protocol, worms that 
earned gcs-l::gf p or the mutant transgenes shown in Figure 3A were incubated in M9 either with 
or without 100 mM paraquat for 30 minutes, then allowed to recover on plates for four hours 
The latter procedure also resulted in induction of intestinal gcs-l::gfp expression by paraquat but 
was associated with a higher background in uninduced animals. 

To create transgenic skn-1 r.gfp strains, 2.5, 10, or 50 ng/^1 of transgene DNA (Fig. 5A) 
was injected into N2 animals at along with 100 ng/ul of pRF4 to generate extrachromosomal 
transgenic lines. Two different extrachromosomal arrays, ExOOJ and Ex007, generated with 2 5 
and 10 ng^l of SKN-1::GFP, respectively, were integrated into the chromosome by UV 
irradiation (400J/m2) to produce the insertion strains IsOOl and Is007, respectively. To rescue 
the embryonic lethality of a skn-1 mutation, SKN-1 ::GFP was injected into skn-1 (zu67)/DnTl 
animals at 2.5 ng/m with 100 ng/ M l of the P RF4 marker. Rescue of maternal skn-1 lethality was 
observed in some rol; non-unc progeny but not in non-rol; non-unc animals. SKN-1 ::GFP 
expression analyses shown were performed in the Is007 strain, but essentially the same results 
were obtained in analyses of ExOOl, Ex007, and IsOOl (data not shown). To analyze expression 
and localization of SKN-l ::GFP in response to oxidative stress, skn-1 ,gfp transgenic worms 
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were treated as described above for the gcs-l.-.gfp expression studies. In addition, for exposure 
to sodium azide animals cultured at 20-C were placed upon a 2% agarose pad on a slide in M9 
e.ther with or without 50 mM sodium azide, then covered with a slip and examined by 
fluorescence microscopy. These worms were scored for presence of SKN-1 ::GFP in intestinal 
nucle. 5 minutes later. For photography, worms were immobilized either 2 mM Sodium Azide 
(Fig. 2, 3) or 2 mM Levamisole (Fig. 5). These treatments did not stimulate either GCS-1 GFP 
mduction or SKN-1::GFP realization during the times examined (data not shown) No 
immobilization agent was used in the experiments shown in Tables 2 and 3. To discriminate 
mtestmal autofluorescence from SKN-1 ::GFP epi fluorescence, a triple band emission filter set 
(Chroma 61000) was used in conjunction with a narrow band excitation filter (484/14 nm) This 
combmation allowed autofluorescence to be detected as yellow/orange fluorescence deriving 
from a combined green and red signal, while GFP remained green. Worms that carried skn- 
l::gfp,gcs-l::gfp and gcs^l::gfp mutant transgenes were incubated with 50 ug/ml Dil 
(Molecular Probes) in M9 for 3 hours at 20-C, then transferred to fresh plates for 1 hour to 
destain, and examined under the fluorescence microscope. The ASI chemosensory neurons were 
identified by according to their intensity of Dil labeling and location relative to other Dil-labeled 
cells. 



DNA binding assays 

Full-length SKN-1 and the SKN domain were expressed by in vitro translation (Promega) 
as descnbed previously (Carroll et al., Genes Dev. 11: 2227-2238 (1997)). Oligonucleotide 
probes were end-labeled using Klenow and a- M P-labcllcd dATP and CTP, then purified using 
QIAquick Kit (Qiagen). EMS As were performed essentially as described in Blackwell et al 
(Science 266: 621-628 (1994), with labeled probes present at 2.5 x 10-,M. 

Constitutive and inducible Phase II detoxification gene activation by SKN-1 

Vertebrate Nrf proteins induce expression of Phase II detoxification enzyme genes by 
binding to the characteristic antioxidant response element (ARE) in their promoters (Fig 1C) 
(Hayes et al. Cancer Lett 174: 103-1 13 (2001)). A search was performed for SKN-1 binding 
sites w lt h.n the predicted promoters of C. elegans orthologs of these oxidative stress resistance 
genes. The SKN-1 binding site preference and the ARE are distinct but not mutually exclusive 
(F,g. 1C). A predicted SKN-1 site should appear randomly every 2048 bp, but between two and 
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four SKN-1 sites are present within 1 kb upstream of multiple C. elegans genes that encode 
predicted Phase II detoxification enzymes, including y-glutamine cysteine synthase heavy chain 
(GCS(h)) ( glutathione synthetase, and four glutathione S-transferase (GST) isoforms (Table 1) 
In vertebrates each of these genes is activated by Nrf proteins (Id.). SKN-1 sites or variants that 
differ at only one AT-rich region position are similarly present 5' of the Nrf target NADH 
quinone oxidoreductase, the catalase ctl-1, and superoxide dismutases (sod- J, -2 and -3) 
(see Tabic 1 , below). 

Table I . Indicted SKN-1 binding site* upstream of C. ele S ons oxidative stress resistance genes 




Enzymes 
Y'-gJ u u\ my I -cysteine 
synthetase heavy chain 
iGCSfh)) 

Glutathione synthetase 



NADH quinone 

oxidoreductase 

Glutathione 

S-transFcrase 



Superoxide dismurase 



Catalase 



Gene or ORF 
M 1 76/2 



F39B2.3 
R03D7* 



F3 517,8.8 

FUG I 1.2 

K0SF4.7 

sod-J 

xod-2 



sod-3 
ctl-J 



locution" 
-121 
-316 

-J37 
-169 
-243 
-37S 



Direction 



-5IS 
-J49 
-282 
-302 
-947 

-94 

-240 

-133 
-391 

-S3 
-157 
-64 

-19 J 

-363 
-950 
-980 

-287 
-S80 
-97S 
-997 



Sequence 



TTTATCA.T 

atgactta 
atgacaat 
tftgtcat 
atgacaaa 
tttatcat 
atoat.itt 

G1TATCAT 
ATGACAAT 
ATGLACAAT 
ATGATJTP 
ATGACATT 
ATGATTIT 

ATGACAAT 
ATGATAAT 

ATGACAAA 
CTTATCAT 

ATGACATT 
TITGTCAT 
ATAATCAT 

TGTATCAT 
ATGACAAT 
AGAATCAT 
AGAATCAT 

TAAATCAT 
ATGATCAT 
GTCATCAT 
CTTATCAT 



37 



60*178 :.L BIS « DCs i'3'0'3 

I0861-032P0I 

The SKN-1 binding consensus is shown in Figure 1C. "The A within the 
translation initiation codon is designated as base 1 . 

Presence of SKN-1 site clusters upstream of multiple C. elegans Phase II detoxification 
5 genes is consistent with SKN-l functioning analogously to Nrf proteins. To confirm this, 

whether SKN-1 is required to express the Phase II gene gcs-J (Table 1) was investigated, gcs-1 
is the C. elegans ortholog of GCS(h), a representative and well-characterized Nrf protein target 
gene that in yeast is regulated by Yaplp and Paplp (Id., and Toone et al., Curr Opin Genet Dev 
9: 55-61 (1999)). The GCS(h) enzyme is important for oxidative stress resistance because it is 
10 rate-limiting for glutathione synthesis. 

gcs-1 expression in C. elegans was investigated using a transgene that included the 
predicted gcs-1 promoter, along with the 1 7 amino terminal GCS- 1 amino acids fused to green 
fluorescent protein (GFP). This promoter segment contained three consensus SKN-1 binding 
sites, and corresponded to the intervening sequence between gcs-1 and the nearest upstream gene 
15 (data not shown). With tins strategy, it was possible to analyze gcs-1 expression independently 
of GCS-lprotein stability. In a wild-type background, during larval and adult stages GCS- 
1::GFP was readily detectable in the pharynx, and in nearby cells that appeared to be neurons 
(Figs. 2A and B). By soaking gcs-1 ::gfp lines in Dil, a dye that fills amphid sensory neurons 
(Herman et al., Nature 348:169-171 (1990)), it was determined that two GCS-1 : : GFP-expressing 
cells located adjacent to the posterior pharynx correspond to the ASI chemosensory neurons (Fig. 
2C and 2D), which prevent constitutive entry into the dauer diapause state (Ren et al. 1996; 
Schackwitz et al. 1996). GCS-1 ::GFP expression was also apparent anteriorly and posteriorly in 
the intestine (Figs. 2A and 2B). 

In vertebrates, oxidative stress induces Phase II gene expression through an Nrf2- 
dependent pathway in the intestine and liver (Itoh et al. 1997; Hayes and McMahon 2001). 
Similarly, stimuli that cause oxidative stress dramatically increased GCS-1 ::GFP expression in 
the C. elegans intestine (Figs. 2E and 2F, and see Table 2, below). This response was triggered 
by both heat and the herbicide paraquat (methyl viologen), which generates intracellular 
superoxide anions. To investigate the involvement of skn-1 in gcs-1 expression, we introduced 
the gcs-1 r.gfp transgene into the skn-l{zu67) background, the skn-1 allele that is associated with 
the most severe embryonic phenotype (Bowerman et al. Cell 68: 1061-1075 (1992)). Under both 
normal and oxidative stress conditions, in skn-1 (zu67) homozygotes GCS-1::GFP was apparent 
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at wild-type levels in the pharynx, but was otherwise undetectable (Figs. 2G-2L), indicating that 
skn-1 ,s essential for both constitutive and inducible gos-l:.^ expression outside of the 
pharynx. 

Promoter mutagenesis identified discrete elements that are required for these skn-1- 
dependent and -independent gel expression patterns. Pharyngeal GCS-1 : :GFP expression was 
abolished by removal of the distal g cs-J promoter region (gcsA2::gf P ; Figs. 3A and 3B), which 
lacks SKN-1 binding sites but contains consensus sites for the pharyngeal transcription factors 
PEB-1 and PHA-4 (Thatcher et al. Dev Biol 229: 480-493 (2001); Gaudet et al., Science 295 
821-825 (2002)) (data not shown). The remaining proximal 682 bp of the gcs-J promoter 
included the three predicted SKN- 1 binding sites, and was sufficient for appropriate GCS-1 GFP 
expression in the intestine and ASI neurons (gcsA2::gfr, Figs. 3 A, 3B, Table 2). Constitutive and 
stress-induced GCS-1::GFP expression within the intestine and ASI neurons did not require 
SKN-1 binding sites 1 or 2 individually, but was abolished by alteration of site 3 (ges 
2;mut3::gfp; Figs. 3A and 3B). 



Tabic 2. I nduction of GCS-1 ::GFP expression in the intestine by oxidati 



ve stress 



Inducer 



low medium high 



N 



low medium hich 



Control 



90. S% 



Ileal Shock 10.5% 



Paraquat 



14.5% 



7.9% 
72.4% 
67.1% 



1.3% 
1 7.1% 
I S.4% 



76 
76 
76 




0.0% 14.0% 86.0% 



21.3% 65.6% 13.1% 



N 

6S 

61 



A representative set of experiments involving a mixed population of L2-voune adult 
worms is shown, from which percentages of animals in each expra ion cmegorf^e 
listed. Induction of GCS-1 ::GFP expression was comparable aLng S dSSSt 
developmental stages analyzed. "Low" refers to animals similar tc ^t'm?ir?A in 
which intestinal GCS-1 -GFP was annarent at m<wW 7 i T - , m Flg * 2A > m 
nnd prinrlv (<rj . u» • V. r V as a PParent at modest levels anteriorly, or anteriorly and 
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Remarkably, SKN-1 binding site 3 is located within a 42 bp gcs-I promoter element that 
.s similar to a composite motif through which SKN- 1 activates med-1 and med-2 in the embryo 
(Figs. 1 A and 3C) (Maduro et al. Mol. Cell 7: 475-485 (2001)). The conservation between these 
gcs-I and med promoter elements is particularly striking because they are located at identical 
distances from their respective translation starts, but contain different numbers of SKN-1 sites 
(Figs. 3C). In an electrophoretic mobility shift assay (EMS A), full-length SKN-1 and the 85 
amino acid SKN-1 DNA binding domain (SKN Domain) (Blackwell ct al. Science 266: 621-628 
(1 994)) each bound sequence-specifically to SKN-1 binding site 3 in the context of this gcs-I 
promoter element (Fig. 4). These SKN-1 proteins bound with high affinity to an oligonucleotide 
that corresponds to this composite element (Wild type; Figs. 4A and 4B, lanes 2-5), but not to an 
analogous probe in which SKN-1 site 3 had been altered as in the inactive gcsA2; mut 3::gfp 
transgene (Fig. 3A; Mutant, Figs. 4A and 4B, lanes 7-10). Binding of these SKN-1 proteins to 
the Wild type probe was also competed much more effectively by unlabeled Wild type than 
Mutant DNA (Figs. 4A and B, lanes 1 1-20). Further supporting the importance of this gcs-I 
promoter element, a 163 bp fragment that includes it provides significant GCS-1::GFP 
expression in the intestine, but 5' truncation within this sequence inactivates the promoter 
(gcsA4::g/p and gcsA5::gf P , Fig. 3 A). It is evident that binding of SKN-1 to site 3 is required for 
gcs-I expression in the intestine and ASI neurons. 

SKN-1 expression and accumulation in intestinal nuclei in response to oxidative stress 
To determine whether SKN-1 is present in tissues where it is required for gcs-I ::gfp 
expression, expression of a transgene in which GFP is fused to the C-terminus of full-length 
SKN-1 (SKN-l::GFP; Fig. 5A) was analyzed. Although maternal skn-I::gf P expression was not 
readdy detectable because of germline transgene silencing (Kelly et al., Genetics 146:227-238 
(1 997)), at a low frequency this transgene rescued the embryonic defect in skn-l(zu67) 
homozygotes (data not shown), indicating that this SKN-1 ::G FP fusion protein is functional. 

In the embryo, antibody staining previously revealed presence of maternal SKN-1 in 
nuclei through the eight-cell stage, then detected zygotically expressed SKN-1 in only about 15% 
of late-stage embryos that had ceased dividing (Bowerman et al. Cell 74: 443-452 (1993)) 
Nuclear SKN-1 ::GFP was uniformly detected in intestinal precursors beginning at the 50-100 
cell stage (Fig. 5B), then in both the intestine and hypodermis (Fig. 5C), indicating that SKN-1 is 
expressed zygotically earlier than it is detectable by antibody staining. In late-stage embryos 



■6-iD*?S.iB'5 ..1Mb 0'0'3 

10861-032P01 

SKN-1 ::GFP was also present in intestinal nuclei but not in the hypodermis (Fig. 5D), suggesting 
that hypodcrmal skn-1 expression may be maintained by a region located outside of this 
transgene. 

In contrast to the embryo, in larvae and young adults SKN-l :.GFP was usually present at 
5 very low levels in intestinal nuclei (Fig. 5F, and see Tabic 3, below). SKN-1 ::GFP was readily 
detectable in the ASI neurons, where gcs-1::gfp was constitutively expressed (Figs. 5E and 5F), 
but not in other cells in the head where GCS-1 ::GFP expression appeared to be /-dependent 
(Figs. 2B and 2H). The latter skn-1 dependence might be indirect, or derived from low level 
SKN-1 expression or distant s&w-iregulatory regions. The finding that SKN-1 ::GFP is present at 
1 o only modest levels in intestinal nuclei raises the question of how oxidative stress induces skn-1- 
dependent intestinal gcs-1 expression (Figs. 2, 3, and Table 2, above). In cultured mammalian 
cells, Nrf2 is stabilized and relocalized from the cytoplasm to the nucleus in response to 
oxidative stress (Itoh et al. Genes Dev 13: 76-86 (1999); Sekhar et al. Oncogene 21: 6829- 
6834 (2002); Nguyen et al. J Biol Chem 278: 4536-4541(2003); and Stewart et al. J Biol 
Chem 278: 2396-2402 (2003)). A promoter fusion transgene in which only the SKN-1 amino 
terminus was linked to GFP (SknPro::GFP, Fig. 5 A) was constitutively expressed at high levels 
in all intestinal cells (data not shown), suggesting that SKN-1 expression or localization might 
also be regulated post-transcriptionally by oxidative stress. 

After exposure to either paraquat or heat, neither the location nor intensity of SKN- 
1 ::GFP was detectably altered in the ASI neurons, but in a high percentage of animals elevated 
levels of SKN- 1 : :GFP appeared in intestinal cell nuclei, particularly anteriorly and posteriorly 
where GCS-1 ::GFP is most robustly expressed (Figs. 5F and 5G, Table 3). SKN-1. :GFP 
accumulated in intestinal nuclei within 5 min. after treatment with 50 mM sodium azide (Table 
3), which induces oxidative stress by blocking mitochondrial electron transport. The rapidity of 
this last response indicates that in the intestine SKN-1 is constitutively present, but may be 
diffuse within the cytoplasm and masked by autofluorescence. This accumulation of SKN- 
1 ::GFP in intestinal nuclei in response to oxidative stress remarkably parallels the skn-1- 
dependent induction of GCS-1 ::GFP under similar conditions, supporting the model that SKN-1 
activates intestinal gcs-l expression directly. 
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Fable 3, Accumulation of SKN-I::GFP in intestinal nuclei in response to oxidative stress 



10 



15 



20 



inducer ™— — 


low 


medium 


high 


N 


Control — — — — 


78 9% 








Heat 


5.6% 


II .9% 


82.5% 


I4;> 


Paraquat 


53.1% 


43,8% 


3J% 


64 


M9, 5 min. 


74.7% 


17.6% 


7.7% 


91 


50 mM Sodium Azide, 5 min. 


0.8% 


44,2% 


55.0% 


120 



Mixed-stage L2-young adult transgenic worms were exposed to the indicated conditions 
A representative set of experiments is shown, from which percentages of animals in each 
category are listed. SKN-1 localization patterns did not differ significantly among the 
different developmental stages examined. M9 refers to the control incubation for the 
sodium azide experiment. In some animals treated with sodium azide, high levels of 
nuclear SKN-1 ::GFP appeared in less than 1 minute (data not shown). "Low" refers to 
animals in which SKN-1 ::GFP was barely detectable in all intestinal nuclei, as shown in 
Fig. 4F. "High" indicates that a very strong SKN-1 ::GFP signal was present in all 
intestinal nuclei, as in Fig. 4G. "Medium" refers to animals in which nuclear SKN- 
1 ::GFP was present at high levels anteriorly or anteriorly and posteriorly, but was barely 
detectable midway through the intestine. N indicates numbers of animals analyzed in 
each category. 

skn-1 required for oxidative stress resistance and normal longevity 

Whether skit- 1 mutants are abnormally sensitive to oxidative stress was investigated, skn- 
l(zu67) homozygotes produce normal numbers of offspring with normal liming, and as young 
adults are not obviously distinguishable in morphology from wild-type (data not shown). Two 
different skn-1 mutant alleles were associated with markedly decreased survival in the presence 
of paraquat however, indicating that skn-1 mutants are sensitive to oxidative stress (Fig. 6A). 

Further, whether skn-1 homozygotes live as long as wild type was investigated. Both the 
mean and maximum lifespans of skn-l(zu67) and skn-1 (zul 29) homozygotes were reduced by 
25-30% (Fig. 6B), indicating that SKN-1 is required for normal longevity. 
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A conserved postembryonic function for SKN-1 in oxidative stress resistance 

The C. elegans developmental specification protein SKN-1 also mediates a conserved 
response to oxidative stress. SKN-1 functions similarly to bZIP proteins that regulate Phase II 
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detoxification genes in vertebrates (Nrfl, 2) and yeast (Yaplp, Paplp). SKN-1 activates a 
conserved Phase II gene in the intestine and ASI neurons (Figs. 2, 3, 5), SKN-1 binding sites 
flank C. elegans orthologs of additional Nrf target genes (Table 1), and skn-1 mutants are 
sensitive to oxidative stress (Fig. 6A). The accumulation of SKN-1 in intestinal nuclei in 
response to oxidative stress (Fig. 5G, and Table 3) may parallel nuclear accumulation of Nrf 
proteins, Yaplp, and Paplp, under these conditions (Itoh et al. Genes Dev 13: 76-86 (1999); 
Toone et al. Oncogene 20: 2336-2346 (2001); and Dclaunay et al., Cell 111: 471-81 (2002)). 
The intestinal abnormalities in skn-1 (zu67)/nDf41 larvae (Bowerman et al. Cell 68: 1061-1075 
(1992)) could involve oxidative stress, because 10-20% of gcs-1 (RNAi) animals also die as 
larvae with abnormal intestines (data not shown). 

These parallels between SKN-1 and Nrf proteins are surprising because the mechanism 
through which SKN-1 binds DNA is both unique and highly divergent (Blackwell et al. Science 
266: 621-628 (1994)). SKN-1 and Nrf proteins are most similar within the 14 amino acid 
DIDL1D transactivation element (Fig. IB) (Walker et al. J. Biol. Chem. 275: 22166- 
22171 (2000)). 

While gcs-1 expression in the intestine is induced by SKN-1 in response to stress, 
presence of nuclear SKN-1 allows gcs-1 to be expressed constitutively in the ASI neurons, and 
gcs-1 expression is ^-/-independent in the pharynx (Fig. 2). In metazoans, Phase U genes thus 
can be activated through distinct pathways that may be important for functions of different 
tissues. For example, the finding that skn-1 functions constitutively in the ASI neurons, which 
inhibit dauer entry, suggests that although skn-1 (zu67) homozygotes can enter the dauer stage 
(data not shown), skn-1 or oxidative stress might influence regulation of this process. 

The lifespan reduction that observed in skn-1 mutants (25-30%, Fig. 6B) is comparable to 
that reported in daf-16 mutants (20%) (Kenyon et al. Nature 366: 461-464 (1993); and Lee et al. 
Curr Biol 11: 1950-1957 (2001)). In Celegans. aging involves pleiotropic changes that vary 
among individuals, and mutations that influence lifespan may affect aging of some tissues more 
than others (Garigan et al. Genetics 161 : 1101-1 1 12 (2002); and Hcrndon et al. Nature 419: 808- 
814 (2002). Just before death the anterior intestine and posterior pharynx degenerated more 
frequently in skn-1 animals than wild type (data not shown), a finding that may reflect aging but 
does not exclude the possibility of an additional defect. At one week after hatching, small 
cavities and apparent yolk droplets appeared in the heads of many skn-1 but not wild type 
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animals (data not shown). These changes in the head region are typical of aging C. elegans 
(Garigan et al. Genetics 161: 1101-1112 (2002); Herndon et al. Nature 419: 808-814), suggesting 
that skn-1 mutants age prematurely. Some mechanisms that regulate C. elegans lifespan have 
been shown to influence lifespan in higher metazoans (Clancy et al. Science 292: 104-106 
(2001); Finch et al. Amu Rev Genomics Nature 421 : 182-187 (2003)). The observation that 
normal C. elegans longevity requires skn-1 is consistent with other associations between 
oxidative stress resistance and lifespan, and suggests that the conserved oxidative stress 
resistance pathway regulated by SKN-1 might influence longevity in other species. 



OTHER EMBODIMENTS 

It is to be understood that while the invention has been described in conjunction with the 
delailed description thereof, the foregoing description is intended to illustrate and not limit the 
scope of the invention, which is defined by the scope of the appended claims. Other aspects, 
advantages, and modifications are within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1 . A method for determining whether a test compound is a candidate SKN-1 -mediated 
oxidative stress response-activating compound, comprising: 

(a) providing a nematode capable of expressing a SKN-1 polypeptide and containing 
at least one transgene comprising: 

(i) an oxidative stress resistance gene promoter operably linked to 

(ii) a reporter gene; and 

(b) contacting the nematode with the test compound; and 

(c) determining whether expression of the transgene is increased, wherein an increase 
in expression of the transgene indicates that the test compound is a candidate SKN-1 - 
mediated oxidative stress response-activating compound. 

2. A method for determining whether a test compound is a candidate SKN-1 -mediated 
oxidative stress response-inhibiting compound, comprising: 

(a) providing a nematode capable of expressing a SKN-1 polypeptide and containing 
at least one transgene comprising: 

(i) an oxidative stress resistance gene promoter operably linked to 

(ii) a reporter gene; 

(b) contacting the nematode with the test compound; and 

(c) before, during, or after step (b), subjecting the nematode to conditions that activate 
the SKN-1 -mediated oxidative stress response in the absence of the test compound; and 

(d) determining whether expression of the transgene is decreased or unchanged, 
wherein decreased or unchanged expression of the transgene indicates that the test compound 
is a candidate SKN-1 -mediated oxidative stress response-inhibiting compound. 

3. A method for determining whether a test compound is a candidate SKN-1 -mediated 
oxidative stress response-activating compound, comprising: 

(a) providing a nematode containing a transgene encoding a SKN-1 fusion protein, 
wherein the transgene comprises: 

(i) a SKN-1 DNA operably linked to 

(ii) a reporter gene; 
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32 O) contacting the nematode with the test compound; and 

33 (c) determining whether the SKN- 1 fusion protein accumulates in nuclei in the 
nematode, wherein increased accumulation indicates that the test compound is a candidate 
SKN- 1 -mediated oxidative stress response-activating compound. 



4. A method for determining whether a test compound is a candidate SKN- 1 -mediated 

38 oxidative stress response-inhibiting compound, comprising: 

39 (a) providing a nematode containing a transgene encoding a SKN-1 fusion protein, 

40 wherein the transgene comprises: 

41 0) a SKN-1 DNA opcrably linked to 

42 00 a reporter gene; 

43 0>) contacting the nematode with the test compound; 

(c) before or during step (b), subjecting the nematode to conditions that activate the 
SKN-1 -mediated oxidative stress response in the absence of the test compound; and 

(d) determining whether the SKN-1 fusion protein accumulates in nuclei in the 
nematode, wherein decreased or unchanged accumulation of the transgene indicates that the 
test compound is a candidate SKN-1 -mediated oxidative stress response-inhibiting 

49 compound. 

50 

51 5. The method of claim 1 or 3, further comprising the step of: 

52 < d ) contacting a second nematode, or a cultured nematode cell, or cultured 
mammalian cell with the candidate compound to determine whether the candidate compound 
increases oxidative stress resistance, relative to the oxidative stress resistance of the second 
nematode, the cultured nematode cell, or the cultured mammalian cell not contacted with the 
candidate compound, wherein a candidate compound that increases oxidative stress 
resistance is an oxidative stress response-activating agent. 



6. The method of claim 2 or 4, further comprising the step of: 

(e) contacting a second nematode, or a cultured nematode cell, or cultured 
mammalian cell with the candidate compound to determine whether the candidate compound 
decreases oxidative stress resistance, relative to the oxidative stress resistance of the second 
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nematode, the cultured nematode cell, or the cultured mammalian cell not contacted with the 
candidate compound, wherein a candidate compound that decreases oxidative stress 
resistance is an oxidative stress response-inhibiting agent. 

7. The method of claim 1 or 2, wherein the promoter is a promoter of a gene encoding a 
protein selected from the group consisting of: y-glutamine cysteine synthase heavy chain, 
glutathione synthetase, NADH quinone oxidoreductase, superoxide dismutase, catalase, and 
glutathione S-transferase. 

8. The method of claim I, 2, 3, or 4, wherein the reporter gene is a gene encoding a protein 
selected from the group consisting of: green fluorescent protein, chloramphenicol acetyl 
transferase, J3 glucuronidase, and luciferasc. 

9. The method of claim 1 or 2, wherein the nematode in step (a) is Caenorhahditis elegans. 

10. The method of claim 3 or 4, wherein the nematode in step (a) is Caenorhahditis elegans. 

11. A compound capable of activating a SKN-1 -mediated oxidative stress response isolated 
by the method of claim 1 or 3. 

12. A compound capable of inhibiting a SKN-1 -mediated oxidative stress response isolated 
by the method of claim 2 or 4. 

13. An oxidative stress response-activating agent isolated by the method of claim 5. 

14. An oxidative stress response-inhibiting agent isolated by the method of claim 6. 

15. The method of claim 1, further comprising the steps of: 

(c) providing a nematode not capable of expressing a SKN-1 polypeptide and 
containing at least one transgene comprising: 

(i) an oxidative stress resistance gene promoter operably linked to 
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94 (ii) a reporter gene; and 

95 ( d > contacting the nematode with the test compound, wherein no increase in 

96 expression of the transgene following step (d) indicates that the candidate compound is an 

97 oxidative stress response-activating agent. 
98 

99 16. A method for determining whether a test compound is a candidate compound capable of 

1 00 inhibiting a SKN- 1 -mediated oxidative stress response, comprising: 

101 ( a > contacting a SKN-1 polypeptide or SKN-1 DNA with a test compound ; and 

102 ( b ) detecting interaction of the test compound with the SKN-1 polypeptide SKN-1 

103 DNA, wherein an interaction indicates that the test compound is a candidate compound 

104 capable of inhibiting a SKN-1 -mediated oxidative stress response. 
105 

106 

107 17. A method for determining whether a test compound is a candidate compound capable of 

108 inhibiting a SKN-1 -mediated oxidative stress response, comprising; 

109 ( a ) Providing a SKN-1 polypeptide or fragment thereof and an oxidative stress 

1 10 resistance gene encoding y-glutamine cysteine synthase heavy chain, glutathione synthetase, 

1 1 1 NADH quinone oxidoreductase, superoxide dismutase, catalase, or glutathione S-transferase, 

112 or SKN-1 polypeptide-binding fragments thereof; 

113 fa) contacting the SKN-1 polypeptide or fragment thereof and the oxidative stress 

1 14 resistance gene or SKN-1 polypeptide-binding fragment thereof with a test compound; and 

115 ( c > determining whether the SKN-1 polypeptide or fragment thereof and the oxidative 

116 stress resistance gene or SKN-1 polypeptide-binding fragment thereof interact in the 

117 presence of the test compound, wherein a decrease in interaction indicates that the test 

1 1 8 compound is a candidate compound capable of inhibiting a SKN- 1 -mediated oxidative stress 

119 response. 

120 
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ABSTRACT 

The present invention relates, in part, to the C elegans SKN-1 gene and protein (a 
transcription factor), and target genes thereof. The invention includes various therapeutic 
methods and screening methods for identifying antioxidants. 
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The M176.2 gene is located on chromosome II. Regulatory sequences can be found eg in the 
region between 9416340 and 9415915. An exemplary sequence of this region is as follows: 

GACAATTATCGATTAATAAAAGTTTAAACAGACACGAGAAATTAAATATAAAAAATTGAATTGTTTATTT 
GTTGTTTTGTGTGTAGAAAAATAATTTTGATAGAAACAAAAAATTAGCGTAAAATAAATAGCTAGCGCAA 



TAGCACCAAAATGATTTT 



TACTCGTGCACGAGATGTGCGCCAGCAGCTCCTTGACGCAAAACGTGACGTT 

-378 

TGCTCTTTGAGTTCTTTGTTTTCGGGAGCAAATTTCATGCCAATCCCTTTCTTTTTTTCAAATTTTCCTG 

TTAAATTCATGTAATAACTATTATTCATGTCAATTACAACAAATAAGCATCCAAGA TTTTATCAT AAACT 

-243 

CGTTCAAACCTCCTTTTACCACTCGAAAAGCAATATCTCCGACTTCCTTCAAAGAGAAATG ATGACAAAA 

-169 

CATAGAAACCTCACGTTATACGTTTTGTCATCACGATTTCAGTGCTCACTTTTCTCATTTCATTCTCGCT 

-13 7 

TAATTTCATTTTTGTCACTCTCGCGTCATGTTTTGCATTTTTCGAAAGCATTTATTTAAAACTGAAAAAA 
TAATTCGTAATTTTTCAAGAATGGCT 
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m 




AminpMGid^Sequeoce 



MAQKDDRILL 
ASLYHFIAYE 
MGAHALRLTE 
LGVPMTCIIR 
KTQQVLSEDG 
LPEEERGAFI 
VDTP FL» YE F I 



LNAPRLPLED 
FDFLIDIHKN 
WHIRVLKAliN 
RNLTQCYEQL 
VLERFIGKPR 
LMEKLKPMI I 




DKLNELTADL 
WKTDDFTRN 
ISDDVIQRAI 
SLNDRSDLMI 
EARDIRASFA 
ENYLVIiAKKP 



HDWAHANGLV MRLSTDKLSS EVCQTTPL/TL. 
MVEILKKVKA QGLKQPVTLA I QRSDYMCHK 
PENKPIPMIA EALFKAWSHF SNPAAWLW 
DGRQVAIVYF RAGYSPDHYP STKEWEARER 
GMWALENTDE VTMKWAGAQ KHPEAFVLKP 
ITFAKAVSEL GVYGYAFGRK DAPELKTAGH 



L.PSPFPKNVF 
DQYSAEYGLK 
VENVNQNQID 
MELSTAIKTP 
QTEGGAAIjHT 
LLRTKPESTA 



EEAVHIQNLF 
QIEINNIASS 
QRHVEYELEK 
WIGLQVANTK 
GDEMVQMLRE 
MGGVAAGHAV 




aaagaATGGCT CAAAAAGATG ACCGGATTTT GCTGTTGAAT GCTCCAAGGC TCCCGCTCGA AGATGATAAG CTCAACGAGC 
TCACCGCTGA TCTTCACGAT TGGGCTCATG CTAATGGGCT TGTCATGCGT CTATCAACCG ACAAGTTGAG CAGCGAAGTT 
TGTCAAACTA CTCCATTAAC ACTTCTTCCA TCTCCATTCC CGAAAAATGT TTTTGAAGAA GCAGTTCATA TTCAGAACCT 
TTTCGCAAGT CTTTATCACT TCATAGCTTA TGAATTTGAT TTTCTAATCG ATATTCATAA AAATGTCGTG AAAACTGATG 
ATTTCACACG GAATATGGTT GAGATCTTGA AGAAAGTCAA AGCCCAAGGA CTCAAG CAAC CAGTCACTCT CGCGATTCAA 
CGATCTGATT AT ATGTGT CA TAAGGATCAA TATTCAGCGG AATATGGACT GAAACAAATT GAAATAAACA ATATCGCCTC 
GTCAATGGGA GCACATGCTC TACGGCTCAC CG AATGG CAT ATCAGAGTTC TTAAAGCGTT GAACATTTCC GATGACGTCA 
TTCAAAGAGC AATTCCAGAA AACAAGCCAA TTC CAATG AT CGCTGAAGCT TTATTCAAGG CCTGGTCCCA CTTTTCGAAC 
CCAGCAGCTG TGGTTCTTGT CGTTGTAGAA AACGTCAATC AAAATCAGAT TGATCAACGC CACGTGGAAT ATGAACTTGA 
AAAGTTAGGA GT AC CGATG A CATGTATTAT TAGAAGAAAT TTAACACAAT GCTATGAACA ATTATCATTG AATGATAGAA 
GCGATTTGAT GATTGATGGG CGTCAAGTAG CAATTGTTTA CTTCAG AG C A GGATACTCAC CTGATCATTA TCCATCTACA 
AAAGAATGGG AAGCACGTGA GCGTATGGAA CTTTCCACCG CTATCAAAAC TCCATGGATC GGGCTACAGG TGGCAAATAC 
TAAGAAGACC CAGCAGGTTC TTTCTGAAGA TGGAGT ACT C GAAAGATTCA TCGGAAAACC ACGAGAAGCT CGCGATATTC 
GAGCTTCATT CGCAGGAATG TGGGCTTTGG AGAACACTGA TGAAGTGACT ATGAAAGTCG TGGCTGGAGC TCAAAAACAT 
CCAGAAGCGT TTGTTCTGAA GCCACAAACT GAAGGTGGAG CCGCATTGCA CACCGGTGAT GAGATGGTTC AAATGCTCCG 
AGAACTTCCG GAAGAAGAGC GTGGAGCTTT CATTTTGATG GAGAAACTGA AACCGATGAT TATTGAAAAC TACCTGGTTC 
TTGCAAAGAA GCCGATCACA TTTGCTAAGG CTGTTAGTGA ACTTGGAGTG TATGGTTATG CAT TTGG AAG GAAGGATGCA 
CCTGAGCTTA AGACTGCTGG GCATTTGCTC CGAACGAAAC CGGAATC CAC AG C TATGGGT GGAGTAGCCG CCGGACATGC 
TGTTGTCGAC ACCCCATTCC TCTACGAATT TATTTGAt 1 1 cgaacataat cagaaaactc aacaaaaatg ctgtgatatq 
aaaccatttg ctatttagat ctttttgtgt ttgtaaattt aatcattgta atttattgaa tgt 
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The F39B2.3 gene is located on chromosome I. Regulatory sequences can be found e g in the 
regton between 14 797 521 and 14 798 3 10. An exemplary sequence of this region is as follows: 

CATTTTGAAAGTGCCCAAGTTGCTGGAACGCTGAAAATTGAAATTATTAACAAAGAAATTTGCTTTAAAA 

TCCGAAAAATCAAGAAAAAATCGATAATTTCGTCGGACAATCCGCCTGCTAGCACGGCTTGACGCTCGTT 

TGCCGCGCGCTCATTCGATTTGTGTGAGTGCCCAGTGGAGCGCGTTTGCTAAGGCTAACTGTGTAGTCCT 

CTCGGACAAGATCTGTGAACATTGAAATGAAACACTTQQGTTCAATAAAATCACAAGAAAATG ATGACAA 

-S18 

TTTTGTTTGCGACCGAAAAAAAATTATAAAAATTGAATATTGG^TATCATCGTTTCAATCTTTGTTTTGT 

-469 

ATTAAAGGCACAGCTGCTAAAAATTGTTTTTTTTTTTTCAATTTTGCTAAAAGAAAATCAATTTTCTGAT 

TTTTTGTTGAGTTCCCGTGCAAATCAATGTCCTAGCTTTTTAAAATTGTTTTTTGTTATGTAATTCTAAT 

CAAATTTTGTCGAATTTTCAGAGATTTTCTGCTAAAACACTAAAAATAGTCTAAAAGTCGATAATTTGAT 

AAACATTTACTCAAACCrTTTACGGAAAAATGAAACAAAAGTTGCAAAAATATAGTAATTTCGCAATTTT 

CTGAACGCGTACTTAAAGGTACACGGTTTGATTCGGATTGGTCCCGCCACAAAGTGTTACCATAACATTT 

TTCTCGCTGCGAGACCCATCCGAATAAATCCGTGCGCCTAATCAGTGCGAGTACGCATTTCATATTACTG 
ATAAGTGCCATTTTTAGAACAATG 
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MSKSICKSSM 
VGESVKNVKV 
SALMQLAAWR 
AVIGNRAETT 
NLWQIEH 



RAAWRRFGA PDVIEAVESD MPRLEKNQVL VRNYAAGVNP 

SKKS ZK53E SSSSB 3K SSxF 225552 SSSSSS 

I NARQLMVTE GAVYGVALGM SS BAELLDFG EFRPL^NKLY S^SS 2S££££ 





ATGAGCAAAT 
CGAGAGTGAT 
ATATTCGTGC 
GTGGGAGAAA 
TGCGGTGAAT 
CTTATCGTGC 
AGTGCACTGA 
GAAGAGTCTT 
GCTTCAACCA 
GCAGTAATTG 
ATTGGGAATG 
CACTTATAAA 
AATCTTGTAG 



CGATTTGCAA 
ATGCCCAGGC 
TGGTCAGTAT 
GCGTTAAAAA 
CGACCATTCG 
ATTGTTTCAT 
TGCAGCTGGC 
GGTGCACGGA 
CATTTTCGAA 
GAAATCGCGC 
TCTTCCGAGG 
CAAATTGTAT 
TGCAAATCGA 



ATCAAGCATG 
TTGAAAAAAA 
GGAAAACTAC 
TGTGAAAGTC 
AGTTG CCGGA 
CTTGCTGGTG 
TGCCTGGAGG 
ATGTCTATAA 
ATGGCTGCTC 
CGAGACCACG 
CTGAGCTCTT 
CGTCTCGAGC 
ACATTAAt t c 



CGCGCAGCTG 
CCAGGTTCTC 
CAAATCTTCC 
GGCGATCGAG 
AGGAGTTTCG 
CAAAGACTGG 
AACATTGAAG 
TCATTCGGAT 
ACACAAATCT 
ATCAACGCAA 
GGACTTTGGC 
AATTAGGACT 
attattttaa 



TAGTCCGACG 
GTTCGGAATT 
ATATGTACCA 
TCTGGTATGG 
TTTGAGGAAG 
CGACGTTATA 
CTGTTGGCAC 
AAGCAATATG 
GAACACGGAC 
GACAACTTAT 
ATCAACATTG 
GGCTCATGAG 
cacgccattt 



ATTCGG AG C A 
ACGCTGCCGG 
GGAAAAGATG 
ATCAGAAGCG 
GAGCTTCTCT 
CTTGTACACG 
TGCTGGATCT 
TGTCGAAAAT 
CTCGGATTGC 
GGTTACAGAA 
TCTCATTCTT 
GAAATTATGA 
aaaggaa 



CCTGATGTCA 

TGTCAATCCA 

GAG CCGGATT 

GACAGTACAG 

CGGAGTGCCT 

GAGCATCTGG 

GCTGATGGGA 

GAAAAATGAT 

TGGCTCCACG 

GGAGCTGTTT 

GAAGGAAACC 

ACAACAAGGG 



TAGAAGCCGT 

GTTGACACAT 

CGTCGAACTT 

CAGAGTATGT 

TATCTTACCG 

TGGAGTGGGA 

TCCGGTTCGT 

TATCCAGGAG 

TGGTAGAGTT 

ACGGTGTAGC 

GAGTTTCGTC 

AGCGAAAGGA 
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The R03D7.6 gene is located on chromosome II. Regulatory sequences can be found eg in the 
region between 10949088 and 10950317. An exemplary sequence of this region is as follows : 



AGAACTTTTCGAGAAGTCTACCGTTGTAGTTTTCGAAATAGTAATTTATTTAGTGACGTTTATAAAGGTTTACATGATTT 

GGTTTGGAAATTTTTTAGGAGTTTATTCATAAAAACAAAGTAACCATGGACATTCCAGAAGTCTATAGTACACGCGATCC 

TACCGTACCCTTCAGTATTTCTATCAGATTGATAGCTTTCGGTAGTCAGGTACAGCCTAAAAAATTCCTGCTTGCCTTTT 
TGCCTACATGTCTGCCTACCTTCAGTCATAATGCCTACATAATG 



-947 



ATTTTTT 



CCAATTGAAACTTGCAGACAGAAATTCAAATGGCAAAAAGAAACAAACACCGAAACATTAATCA 



CATTTCTTTTCATATCAGTTTTCCTGTCAAAGCACATTTCTGGAGTCTGTGTGTATTTTTTTGTGTCTTTATGTGATCGC3 
TGTTGTGAAATTTGTAGTTGATGTTGATAACATACTTTTTTTTGAAACAAAAAGTGATTGATTAGGCTTGAATTCAGAGA 
TATGTTCGTGATACTTTGCGATTCTCGAGCCAAAAACACGGTATCCGGTCTCGACACGACAACTTTTTCGCAAAATACAA 

gctgatgtgcgccttgaaagagtactgtaatttcaacctttcgttgtc^ 

ATGTATTTATTAAACAAAAAACTAAAACAAAACAATTGAGAACACATAAATTGTGAAAAATCAATGAGACCACAGCAAAA 

AATTTTGTATCTACAGTACTCTTTAAAGGCGCACATCCGTTCTTATTTTCAGCAAAAATGTCGCTTCGAGACCGGGTACC 

GTATTTTTTTTTGTGCAAAACTTTAGGTCTAGGTAATATTAAAAAAAAATTCCACAAAACTAGAATCTAGAG^TTTCCAT 
TAAATTTTTTGATGACATTTGAAAATTCATC^ 

-302 -282 

ACTGAATTCTCTTTCCGAAAGACCACCACAATTTCAGGGCTCCGCCCATTTCGTGGTTTGTAGCCTTCCCGACCCTACGT 

TTTTGATGACAATTGTGAGAGAAGTGAGAGGTTCAGACACAAAAAGCGACGTGGTCGAATGA 1 

-149 
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Exemplary R03D7.6 (gst-5) sequences: 




ESSE SSSSSZ ^^^^^^^^^ 

aiaqhsadSx ak££?s!£p S35SSSS FEKFYGFLVN flkasgsgfl vgdsltwidl 




ATGGTTTCCT 
ACAATACGAG 
CATTCCTCGA 
GGAAAAACCG 
TTTCTACGCT 
TCTACGGATT 
GCTATTGCCC 
GAAGATCCAG 
tgcaaataaa 



ACAAGTTGAC 
GATAATAGAG 
AGTCGACGGT 
CCTGGGAAGA 
GTCATGGGAT 
CTTGGTCAAC 
AACATTCAGC 
GCGATT CCAC 
tattttttbt 



CTACTTCAAT 
TCACTCAGGA 
AAGAAGCTTG 
GGCTCAAGTG 
TCGGTCCAGG 
TTCTTGAAGG 
TGATTTGATT 
AAATCAAGAA 
tttt 



GGACGTGGCG 
ACAATGGCCA 
CTCAATCCCA 
AACTCTCTTG 
AGACGTTGAA 
CTTCGGGATC 
GCCAAGGGAG 
ATGGATCGAG 



CTGGAGAAGT 
GCATTGAAAG 
CGCGATTGCT 
CCGATCAATA 
ACTTTGAAGA 
CGGATTCCTT 
GTGATTTCAG 
ACCCGTCCAG 



GTCTCGTCAG 
AAACCTGCGC 
CGTTTCTTGG 
CAAGGATTAT 
AAGACATCTT 
GTCGGAGACT 
CAAGTTCCCA 
TCACACCATT 



ATTTTCGCCT 
TGCTCCATTC 
CTCGTGAGTT 
TCAAGTGAGG 
CCTTCCAGCA 
CTTTGACCTG 
GAGCTCAAGG 
CTAAatagct 



ATGCCGGACA 
GGACAACTTC 
CAAGCTCAAC 
CTCGTCCATA 
TTTGAAAAGT 
GATTGACTTG 
CTCATGCCGA 
gtataaaatc 
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The F35E8.8 gene is located on chromosome V. Regulatory sequences can be found e.g. in the 

15 925 ' ^ CXemplary SCqUenCe fr ° m in — nd'this region 



TACTTTATCTGTGTCTGACCAACACGTGTGAATGAAGTTTCAACTGGAAAATTTGTTTGAAACACTGrAA 
AGAATTTCGAATTTTGATGATAATTTTA^TGCCATTATCAGTTTTAATACGcS^ 



-240 



^^™ CACACACACACACACACAC ^ 

CTGATTTAACGAGAAAACATTTGATGACAATAAACTTGGCGTATTAATATAAAAGG 



-94 



GAT 



TCTCAACGGTTTATTTTCTGTCACAACTCTTCCTAATATTCACCA' 



TGGTTT 
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lvaqhsadSl ™™ ESSEX FKKHYGFFVN 




ATGGTTTCCT 
GAAATATGAA 
CAATGCTCGA 
GGAAAGAGCA 
CCTCGCTGTG 
ACTATGGATT 
CTTGTTGCTC 
TTCCGAAAAA 



ACAAGCTTAC 
GATAACAGAC 
GGTAGATGGC 
GATGGGAAGA 
AAGCTTGGTT 
CTTTGTCAAT 
AGCATTCAGC 
GTTCAGTCAA 



sS8&BSES3Bl 



CTACTTCGAT 
TTACCGATGA 
AAACCACTCG 
AGCTCAAGTC 
ACACAGAAGG 
GCTTTGAAGG 
TGATTTGCTG 
TTCCTCAGAT 



GGACGCGGAG CCGGAGAGCT 
GGAGTGGGAG AAGTTCAAAG 
CTCAGTCCCA CGCGATGGCT 
AACTCCTTGG CCGACCAGTA 
AGACGCGGAG GCTCTTTACA 
CCAGCGGGTC AGGATTCTTG 
GGACGTGAAA AGTCGGATCT 
CAAGAAATGG ATTGAGACTC 




CTGCCGTCAA 
CGGCCGGAAA 
CGTTATCTTG 
CAAAGACTAT 
CAAGCGTCTA 
GTTGGAAATT 
TTTCAATGAT 
GTCCAGCGAG 



ATCTTTGCTG 
AACCCCATAC 
CTCGGGAATT 
TACG CGGAGG 
TCTTCCAGTT 
CCTTGACTTT 
GTCCCAGAGA 
TGACTGGTAA 



CCGCCGAGCA 
AACCACCTTC 
CGGGTTCAAC 
CTCGTCCATA 
TTCAAGAAAC 
TATTGATTTG 
TGAAGGCACA 



FIG. 14 



, Matter No.: 10861 -032P01 
Applicant(s): 

SKN-1 GENE AND PROTEIN 



gen as 




Gene Mortals 

F11C U.3 

glutathione S- transferase; gst-6 



ttt-7 



tt-6 



F11G11.2 



glutathione S-transferase;' gst-7 
F11CH.1 



glutathione S-transf erase ; gst-Q 



YRCs 8 Co snide 
FllGli 



R05F9 



The Fl 1 Gl 1 .2 gene is located on chromosome I. Regulatory sequences can be found eg in the 
'f£_° n belWeen 4 880 968 ^ 4 882 068 - ^ exemplary sequence in or around this region is as 



follows: 



-391 



TCGAAAGATCTGGAAAA 



AAGATGATTGATGCCATGGGTTTATATTTGTGAGTAGTCACAAATTCTGACACAACATTCCCT 

GTCACAAAACCTTGCATATATTTTTTTCAACCAATATTATTTTGACCTACTCTGTTCATCGTAACATTrra ^.p.^., 



-133 



GAGACGGCCGGCATTCAGTGTTCAACCCTTCTCATCGACCACTCGA' 



TTTCTTG CTTGGTTATTTC AACAATG 



FIG. 15 



Exemplary Fl 1G1 1 .2 (gst-7) sequences: 
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sksek SEEKS sSTSE? ^s^^s^^s 

AQHTADLLAA NAALLDEFPQ FKAHQEKVHS SkS R^pr^ ™ G *™ P *> KSAGSGYLVG DSLTFVDLLV 





cgaccactcg 
AGATTGCTCG 
AAGCCAAGCA 
TTACTTGGCT 
AGGATTACCT 
GACGTCTTCC 
TGGAGACTCT 
ATGAATTCCC 
GTTACTCCAT 



atttcttgct 
TCAGATCTTG 
CTCCATTCGG 
CGTCAGTTCG 
CAACGAAGTT 
TTCCAGGATT 
TTGACCTTTG 
ACAATTCAAG 
TCTAAatgat 



tggttatttc 
GCCTACGCTG 
ACAGCTTCCA 
GAATCAATGG 
CGTCCATACT 
CAAGAAGCAC 
TCGACTTGCT 
GCTCATCAGG 
ttcca 



a a C aATGGTC CACTACAAGG 
GACAAGACTT CGAGGACAAC 
CTCCTTGAAG TTGACGGAAA 
AAAGTGTGCA TGGGAGGAGG 
TCATGGTGAA GATGGGATTT 
TATGGATTCT TTGCTAACTT 
CGTCGCTCAG CACACTGCTG 
AAAAGGTTCA CTCG AATG CC 




TATCGTACTT 
AGAATCCCAA 
GGTTCTTGCC 
CTCAAGTCAA 
GCTGAAGGAG 
CCTCAAGTCG 
ATCTTCTGGC 
AACATCAAGA 



CCCAATTCGT 
AGGAGGAATG 
CAATCTCATG 
CTCGGTTGCr 
ATCTCGATGC 
GCTGGATCCG 
TGCCAACGCA 
AGTGGTTGGA 



GGAGCTGGAG 
GCCAGCTGTC 
CTATCGCCCG 
GATCAATTCA 
TCTTGCCAAG 
GATACTTGGT 
GCTCTTCTCG 
GACTCGTCCA 



FIG. 16 
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The K08F4.7 gene is located on chromosome IV. Regulatory sequences can be found e.g., in the 
region between about 10141800 and 10142217. An exemplary sequence of this region is as 
follows: 

ATTATCCAAAAAGATTAGAAGTTGGCAAACCTTGGGCAAGAATTTCCAGAGATTGCACTAAAGTTGTAGCCAAGTTTGAT 

CCAACTTTATCCAATCTTTTACTAAAATTATCCTTAAGACTATTTAAATTTTAGATAGAGAATTGGCGAGAGTTAGATCC 

CACTTGGATATGACTTATAGTTAGCCTAACCTGAAGCTATTGCTTGCTTGATCATTTGGTTTATCGCTTTGCTACTTGGA 
TAACCAGCTCCAATAGTTGTTATTTTTGCT TTTGTCAT CATTTT 

-157 

TCCACGATTTACACTCTCAAGTGAAACCAACTGTTCTTTGATGCCAGACG ATGACATT ACACTTGATAAGA 

-83 



AAATATATATAAACTGGAATTAAAAACAATTGATACATCGATTCAATTACTGAATTCTAATTATG 



FIG. 17 



Exemplary K08F4.7 (gst-4) sequences: 



Matter No.: 10861-032P01 
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^Saragassa 




MPNYKLLYFD ARALAEPIRI MFAMLNVPYE DYRVSVEEWS KLKPTTPFGQ LPILQVDGEQ FGQSMS I TRY LARKFGLAGK 
TAEEEAYADS IVDQYRDPIF FFRQFTSSVF YGS OADH INK VRFEWEPAR DDFLAI INKF LAICS KS G FLV GDSL.TWAD I V 
IADNIiTSLLK NGFLDFNKEK ICLEEFYNKIH SIPEIKNYVA TRKDSIV 





ATGCCAAACT 
GCCTTACGAG 
TACAAGTCGA 
ACTGCAGAGG 
TTCCGTTTTC 
TGGCAATAAT 
ATTGCTGACA 
CAAGATTCAT 
tctgaattat 



ATAAGCTATT 
GATTATAGAG 
TGGAGAACAA 
AAGAAG CTTA 
TATGGAAGTG 
CAATAAGTTC 
ATTTGACAAG 
TCAAT TCCAG 
gtatgtagta 



GTATTTTGAT GCTCGTGCTC TTGCTGAGCC 
TTTCAGTGGA AGAATGGTCA AAGCTGAAGC 
TTCGGTCAGT CAATGTCTAT CACAAGATAC 
CGCTGATTCA ATTGTAGATC AATACAGAGA 
ACGCTGATCA TATTAACAAA GTACGTTTTG 
CTGGCCAAGA GTAAATCAGG ATTCCTCGTT 
TCTCCTGAAG AATGGATTCT TAGATTTCAA 
AAATTAAGAA TTACGTGGCA ACAAGAAAGG 
aaataatatc gttcctatca cgtctcccag 



AATCCGTATC 
CAACGACTCC 
TTGGCAAGAA 
TTTCATATTC 
AAGTTGTTGA 
GGAGACTCAT 
CAAAGAAAAG 
ATAGTATTGT 
agagcgcaat 



ATGTTTGCAA 
ATTTGGCCAG 
AATTTGGACT 
TTTTTCCGTC 
ACCAGCCCGT 
TGACTTGGGC 
AAGTTGGAAG 
TTAAaatcga 
aaattattat 



TGCTCAATGT 
CTTCCCATTT 
CGCTGGAAAA 
AATTCACTTC 
GATGATTTCT 
TGATATTGTG 
AGTTCTATAA 
atcat t tiaag 
tatgtg 



FIG. 18 
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I 



The sod-1 gene is located on chromosome II. Regulatory sequences can be found e.g., in the region 
between about 6 973 806 and about 6 974 406. An exemplary sequence of this region is as follows: 



ATTCCGCAACCCCGTCAAATTTAAQAAGAGAAAGAAAAAAAACACAACGTGTTTGCACCTGTAAGGTAGT 
TTTTTTTTGTTGCCTTCGGCGTTTTGATTCACATGAAAGTTTCTACGGAAAAACTTTCATTGCATAACGA 
TCTTCATATCTTGTTTCTGGAAACGAAAATTTCCAACATGAAAGAAACCCGACGCTATTTATTCTCGCAA 
CACAAAAATTTCACATTTAAATAACCGCGGTTTTTCTCGAACAGCATATTTGACGCGCATTGCTCGTCAA 
GTTTGATGCGTGCACACTATTTTGCTGTTGTTTTTTTCTTTTTTCTCTAAATTTTCTTTACGCTTTCGTA 
GTTTCTATAG7VAACGATTCTCCACTCCCGGTTTTCTTCCGATTCTCAAAATTAATTAAAATTTAGTTATT 
AAAAATCCTTTTTCTTGAAATAATCGTTCAATTTCGAGTTTTCAAGAGTGGAGACGTTGAATTTGTGAGC 
CGCTTATTTTTTCTGTGTTTTTGTTTTGTGGTTTTTAATCAGTGTC ATAATCATA CTTTCCATTGTTTCT 

-64 

TTATTATTCAAAGTTGTAGATTCAGTATTTTAGATCGGTGATG 



FIG. 19 



I 
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Exemplary sod- 1 sequences: 




aKH558 




■ — — m II I — ■ — fr~r1 ~ TE I — I' i 1 . T MTTT i ^T*. TP 

MFMNLLTQVS NAIFPQVEAA QKMSNRAVAV LRGETVTGTI WITQKSENDQ AVIEGEIKGL TPGLHGFHVH QYGDSTNGCI 
SAGPHFNPFG KTHGGPKSEI RHVGDLGNVE AGADGVAKIK LTDTLVTLYG PNTWGRSMV VHAGQDDLGE GVGDKAEESK 
KTGNAGARAA CGVIALAAPQ 





tttagatcgg 
GTCGAACCGT 
AGGCAGTTAT 
AACGGATGCA 
AGGCGATCTA 
GTCCAAACAC 
GAAGAGTCCA 
tgaatcgcgt 
atcccgttgt 



t g ATGTTTAT 
GCTGTCGCTG 
TGAAGGAGAA 
TTTCTGCCGG 
GGAAATGTGG 
TGTCGTTGGC 
AGAAGACTGG 
ctctgaatct 
tcctactcct 



GAATCTTCTC 
TTCTTCGTGG 
ATCAAGGGAC 
TCCACACTTC 
AAGCTGGAGC 
CGATCTATGG 
AAACGCCGGA 
ccacacaatt 
actactgtat 



ACT CAGGTCT 
AGAAACTGTT 
TTACTCCCGG 
AATCCATTTG 
CGATGGAGTG 
TTGTTCATGC 
GCTCGTGCTG 
cctactaaag 
attttcacat 



CCAACGCGAT 
AC CGGTACT A 
TCTTCATGGA 
GAAAGACTCA 
GCAAAAATCA 
CGGACAAGAC 
CCTGCGGTGT 
acaatttttc 
aaaatttctt 




TTTTCCGCAG 
TCTGGATCAC 
TTCCACGTTC 
TGGTGGACCA 
AGCTCACCGA 
GACCTCGGCG 
CATTGCTCTC 
atttcttgct 
caaaatttca 



GTCGAAGCCG 
ACAGAAGTCC 
ACCAATATGG 
AAATCCGAGA 
CACGCTCGTC 
AGGGAGTCGG 
GCTGCTCCCC 
ttgtcgttat 
aataaaggtt 



CTCAAAAAAT 
GAAAATGACC 
TGATTCCACC 
TCCGTCACGT 
ACGCTTTACG 
AGACAAGGCA 
AGTGActacc 
attcttaaga 
gtagtttc 



FIG. 20 



' Matter No.: 10861-032P01 ^WMf^ MS' „ Ofi 1301 

SKIM-1 GENE AND PROTEIN 

<-i±i- ^ ■ 944a. ■ wjai " -/ as - 

Mated genes 7 

Gene Models 1 : — » 

F02E9.10 F02E9.9 
— "-~OQ 



W) doaain, G-beto repeat ,1 — M — " " D^tSETGD i^r m>> <STU1 



Operons 
CE0P1476 



superoxide dismutase; sod-2 



VRCs ft Cosnids 
F02E9 



F10011 



The sod-2 gene is located on chromosome 1. Regulatory sequences can be found e.g., in the region 
between about 8 441 038 and 8 442 612. An exemplary sequence of this region is L follows: 

TGAATAAAAACGTTGAACCCAACGGACATCAAAGTATCAAAGTAAGTAAGTAAGTAAGTAACCTGAATAAAAACGTTGCA 
TATAAAAAATCTACTCGAAAATTAAGTGAGAAra 

^^£^ TGTATATTAGACTAC ^ 
AACGAGCTCGCTGGAGTTGGCATCAGTGTGGAAGG^ 

A n^ CA ^ C ^ GGAGAAGTTCAA ^^ 

CCTGGTTGCCGCTATCTGGGTCGCTGGATCGACATTTCTGGCTC^ 

ttggggtgctctggttogaatcaaagaagtc™^ 

-980 -959 



GGG J C ^ CA T GGAG ? C I G 5 A ?^ TOCGAGGCTCG ^TTCAAC^^ 

AACAAAAATTGG 



cA ^™ c ^r cTACGGAGAGATccAAAccGATGGAcAA ^ 



gggagcg ^ aaaaa t g ? aaa ? ag ^ tgtccgcagttqg ^ 



-363 



TCCGAAGAGAAAATGACAATTATAGGGTATACTAAAAC^TCAAAAATGTATATTAOACTACCATAAATATTACGATAAT 



-191 

r A ^^ G II^ CGCGCA " CGAATTTCAGTGTTCGCGCT ^ TTG ^^ 

cagcttgatatgtttctgcgaattgtaaaaatttatatttgactattgaatattttaattatttgca^ 



FIG. 21 



* 



Exemplary sod-2 sequences: 



Matter No.: 10861-032P01 
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i 
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s 




-linpyAeid? 



MLQNTVRCVS KLVQPITGVA AVRSKH SLPD LPYDYADLEP ^^^ ^^^^ ^^^^^ ^ 
AIALOPALKF NGGGH I NHS I FWTNLAKDGG EPSAELLTAI S^ni HQ KHHAT YVN NIjNQI EEKLH EAVSKGNVKE 
ATCANQDPLE ATTGLVP L FG IDV«h5S SSSSSi SKKES YCPKGKI LKV 




tttgcagccg 
GCTCGAAGCA 
CAT CATC AAA 
AAACGTCAAA 
CTAATTTGGC 
CTTCAAAAAC 
GATCTTGAAG 
TCTGGGAGCA 
AAGAACGTCA 
gaagttgact 
aaagttttca 



a a a ATGCTTC 
CTCGCTGCCA 
AG CATC ATG C 
GAAGCTATCG 
AAAGGACGGA 
AGCTTTCGGC 
GTTGCCACAT 
CGCTTACTAC 
GCGAGCGTTT 
cccattgttt 
ccg 



AAAACACCGT 
GATTTACCAT 
CACTTATGTG 
CTCTTCAGCC 
GG AGAAC CAT 
ATCAACTGTC 
GTGCCAATCA 
TTGCAGTACA 
TGCAAAGGCA 
cgtaactatt 



TCGCTGTGTC 
ACGACTATGC 
AACAATCTCA 
AGCTCTCAAG 
CGGCGGAGTT 
GCTGTTCAAG 
GGATCCACTT 
AGAATGTTCG 
CAGCAATAAa 
tttgtttctt 



TCAAAGCTTG 
TGATTTGGAG 
ACCAAATTGA 
TTCAATGGAG 
GCTCACCGCA 
GATCAGGATG 
GAGGCAACAA 
ACCAGATTAT 
tgagctgaat 
aattatttcg 



TTCAACCGAT 

CCTGTAATCA 

GGAAAAG CTT 

GAGGACATAT 

ATTAAGAGCG 

GGGATGGTTG 

CTGGACTTGT 

GTCAATG CTA 

cacaagaatt 

aaatgtaaat 



CACAGGAGTC 
GTCACGAGAT 
CACGAGGCGG 
CAACCACTCC 
ACTTCGGATC 
GGATACTGTC 
TCCACTGTTC 
TTTGGAAGAT 
aatcgtcaaa 
tttcaaacct 



GCTGCTGTTC 

TATGCAACTT 

TCTCCAAAGG 

ATCTTCTGGA 

TCTGGATAAT 

CAAAGGGAAA 

GGAATTGACG 

CGCCAACTGG 

tgtagcagta 

tttcaaatga 



FIG. 22 




•j&p-kjHx s n«B5 m O j& 3SI3 



HLr?A iiSTI l0 A CatCd ° n chromosome n - Regulatory sequences can be found e.g., in the region 
near 14 306 135. An exemplary sequence of this region is as follows: 



CGTTTCGAGACCGG 



AAAAAAAAATCGATAAAAAATCCGCGTCAACGAAAGTTTAAAGTTACAGTATTTOT 

GTACCGTAGTTTTTGGTGAAAACATTGCAAAATTTGGTCAACAATTTCATCGCTCCGAGACCGACACAAC 
ACTTTATTTTATTTTTGGGTTTCCCTTATCGCTTATCA^AAACATGTGACGTCAT 

-997 TiTi 

GCACCGCGACTGGGAGTATAAGAATCGCCGGAAAACATCAATAATCAGTTCCGTAGAAGTGAAAATTGAG 
CGTAAAATATGAT^TTTTCGAT^^ 

~ 8 8 0 



TCGTGGACAACTTTGGATTATTTTTTGTTTTTAAAATTCAAAATAGTCAATATATTGCTTATTTATAGCG 
AACACCCCGCGGCCCGGCTAGTGGTACATCCATGCAAATGCGCTCTACTGATAJWT 

^a^cgcaagataagaaaaaagctttggacc^^ 

TATACATCACAAAAATATTGGGCCACTCGTTTTTGATAAAAACGACAAGCCCAAAAGTTCA^GTATACPC 

™gacaaattgcgtacaggtaccact^ 

aaaatgcgggaatttttcgtccagaaaaatgtgacgtcagcacgttctcaaccatgS 

AACTCrGCGTCTATTCTCCCGCATTTTTTGTAGATCTGTAGATTTGTAGATC 

cctgacccataatcaatacctacctaatttttgtctttccccctacttttttgcctScJaa^ 



FIG. 23 
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Exemplary ctl-1 sequences: 



Matter No.: 10861-032P01 
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MPNDPSDNQL 
FEVTHDITKY 
IHALKRNPQT 
LDPTDAGKLA 
YFAEVEQAAF 
PNSFRGYRTR 
HPDFGNAI,RH 



KTYKETYPKP 
CKADMFNKVG 
HMRDPNALFD 
SSDPDYAIRD 
CPAHIVPGIE 
DDVKESTFQT 
QLCQKKH 



QVITTSNGAP 
KQTPLLVRFS 
FWMNRPESIH 
LFNAIESRNF 
FSPDKMLQGR 
TGDVDRYETG 



I YSKTAVLTA GRRGPMLMQD 
TVAGESGSAD TVRDPRGFSL 
QVMFLYSDRG IPDGFRFMNG 
PEWKMFIQVM TFEQAEKWEF 
I FS YTDTHYH RLGPNYIQLP 
DDHNYEQPRO FWEKVLKEEE 



WYMDEMAHF 
KFYTEEGNWD 
YGAHTFKMVN 
NPFDVTKVWP 
WCPYRSRAH 
RDRLVGNIiAS 



DRERI PERW 
LVGNNTPIFF 
KEGNPI YCKF 
HGDYPLIEVG 
TTQRDGAMAY 
DLGGCLEEIQ 



HAKGAGAHGY 
IRDATHFPNF 
HFKPAQGSKN 
KMVLNRNVKN 
ESQGDAPNYF 
NGMVKEFTKV 




CTGAAAACCT 

CGTGCTCACC 

AACGTATCCC 

TACTGTAAGG 

GGGATCCGCT 

GAAATAACAC 

ACTCACATGA 

CTCGGATCGT 

GAAATCCGAT 

GCCTCTTCGG 

CATTCAAGTG 

ATTAC CCACT 

TTCTGCCCGG 

CACGCATTAC 

AACGCGATGG 

CGTGATGATG 

GCAGCCACGT 

GTGGCTGTTT 

CATCAGCTCT 



ACAAGGAGAC 

GCCGGGCGGC 

CGAGCGTGTC 

CCGATATGTT 

GATACTGTCC 

TCCGATCTTC 

GGGATCCGAA 

GGAATTCCTG 

TTATTGTAAA 

ATCCAGACTA 

ATGACATTCG 

GATCGAGGTC 

CCCACATCGT 

CATCGCCTTG 

TGCAATGGCT 

TGAAGGAGTC 

CAGTTCTGGG 

GGAGGAAATT 

GCCAGAAGAA 



GTATCCAAAA 

GTGGCCCAAT 

GTTCATGCCA 

CAACAAGGTC 

GCGATCCACG 

TTCATTCGTG 

TGCGCTCTTC 

ATGGATTCCG 

TTCCATTTCA 

TGCGATCCGC 

AACAAGCTGA 

GGCAAGATGG 

CCCAGGAATC 

GACCAAACTA 

TATGAAAGCC 

GACATTTCAG 

AGAAAGTGCT 

CAAAATGGAA 

GCATTAAatt 



CCCCAAGTGA 

GCTCATGCAA 

AGGGAG CCGG 

GGAAAACAGA 

TGGATTCTCT 

ACGCAATCCA 

GATTTCTGGA 

TTTTATGAAT 

AGCCTGCTCA 

GACCTGTTCA 

GAAATGGGAG 

TGCTGAACAG 

GAGTTCTCGC 

CATTCAGCTT 

AGGGAGATGC 

ACGACTGGAG 

CAAGGAGGAG 

TGGTCAAAGA 



TCACAACTTC 

GATGTAGTTT 

AG C C CATGG A 

CACCACTTCT 

CTCAAATTCT 

CTTTCCGAAT 

TGAATCGCCC 

GGATACGGAG 

AGGTTCCAAG 

ATGCCATTGA 

TTCAATCCAT 

GAATGTGAAG 

CAGACAAGAT 

CCAGTCAACT 

GCCGAATTAC 

ATGTTGATCG 

GAGAGAGATC 

GTTCACGAAA 



aaaATGCCAA 

AAATGGAGCT 

ATATGGATGA 

TACTTCGAGG 

CGTTCGTTTT 

ATACCGAGGA 

TTCATTCATG 

TGAATCCATT 

CGCATACTTT 

AATCTCGATC 

GTCAAGAAAT 

TTGATGTCAC 

AATTATTTCG 

GCTC CAAGGG 

GCCCGTACCG 

TTCCCGAACA 

TTATGAGACT 

GGCTCGTTGG 

GTTCATCCGG 



ACGATCCATC 

CCG AT CTACT 

GATGG CTCAT 

TCACCCATGA 

TCAACGGTCG 

GGGTAACTGG 

CCCTGAAGCG 

CATCAGGTGA 

CAAGATGGTC 

CAACTGACGC 

TTCCCGGAAT 

TAAAGTTTGG 

CTGAGGTCGA 

CGTATCTTCT 

CTCCCGTGCT 

GTTTCCGCGG 

GGAGACGATC 

GAATTTGGCT 

ATTTCGGAAA 



GGATAATCAA 
CGAAGACCGC 
TTCGATCGTG 
CATCACCAAG 
CTGGAGAATC 
GATCTGGTTG 
CAATCCACAG 
TGTTCCTCTA 
AACAAGGAGG 
TGGAAAGCTC 
GGAAGATGTT 
CCACACGGTG 
ACAAGCCGCC 
CCTACACGGA 
CATACCACTC 
ATACCGTACT 
ACAACTACGA 
AGTGATTTGG 
TGCTCTTCGC 



FIG. 24 



Gene Models 

C08ft9.3 



Operons 

YRCs & CocnXds 

C08A9 



► 



sod-3 



C08ft9.1 ' 

las] 

superoxide dtsmutase; sod- 3 



ESZ53 



The sod-3 gene is located on chromosome X. Exemplary regulatory sequences include: 

TATTCGCAGAAAAAAGTCGTTGCAAACATTCGTTTTTATATGTTTTTCTTTGAGAAAGCGTGGTTCATTT 
^GAAAGTGAAAAATATTTGCTTAAAACTTC 

ATTTTCAAAAACATTCARTGTTTTCCCTTGGAGTGACTATGCAAATATGAAAATGTTTTCCAAAAATATT 
™ GA * GCCCTCATAAAAAGTAGGTG ^ 

GAAATGGAAATGTTTGTCGGTGGTATGCTCGAATATTTGAGATATTATATATTTACTGTTAAATCCGAAA 

cttataaaaactgtttgactatcttatttcaggaaaaaaaaatccaagaataaacattStcS^ 

AACTTTCTAATGGCTGATTAATAAAACAAAGTTATACAACTATTCAAAGCAG^GCT^ 




AAA^CATCTAATATATTGTCAAACAACTTCTTGTTTTTTTTTTCATTCAAAACTTCTGCAAAAA 
aSaAA^GC^ 



FIG. 25 
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Exemplary sod-3 sequences: 



Matter No.: 10861-032P01 
AppHcant(s): 

SKN-1 GENE AND PROTEIN 



^ . . . 
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esses sss esses sssss sssss SSKSK *ggsrX2SJ£ 

ATCANQDPLE GMVM.FGJOV WEHAYYLQYK NVRPDYVHAI SSSs iSSSS V ° <5S < !WC "" S YCKKDK.I.KY 




cgtttgtcaa 
TTGCGGGAGT 
AG CCATG AAA 
TCACGAGGCT 
TCAATC ATT C 
GACTTCGGTT 
GGGATATTGC 
TTGGAATTGA 
ATTGCCAACT 
acgaaaatat 
cacagttttt 



atcttctaat 
TCTCGCCGTC 
TCATGCAGCT 
GTTTCGAAAG 
TATCTTCTGG 
CCCTGGATAA 
AAGAAAGACA 
CGTTTGGGAG 
GGAAGAATAT 
tgaagataat 
tctta 



tttcagtgaa 
CGCTCCAAGC 
TCATCATCAA 
GG AATCTAAA 
ACCAACTTGG 
CTTGCAAAAA 
AAATCTTGAA 
CACGCCTACT 
CAGCGAGAGA 
tcagatgtag 



t aaaATGCTG CAATCTACTG 
ACACTCTCCC AGATCTCCCA 
AAGCATCATG CCACCTACGT 
AGAAGCAATT GCTCTCCAAC 
CTAAGGATGG TGGAGAACCT 
CGTCTTTCTG ACATCACTAT 
GATCGCCACC TGTG CAAACC 
ACTTGCAGTA CAAAAATGTC 
TTTGCCAATG CTCGACAATA 
tttaaaacgc tgagaatttg 




CTCGCACTGC 
TTCGACTATG 
GAACAATCTC 
CAGCGCTGAA 
TCAAAGGAGC 
TGCGGTTCAA 
AGGATCCTTT 
CGCCCAGACT 
Aaagcaggaa 
tatttttgta 



TTCAAAGCTT 

CAGATTTGGA 

AATCAGATCG 

ATTCAATGGT 

TGATGGACAC 

GGCTCTGGCT 

GGAAGGAATG 

ATGTCCATGC 

atattggaat 

attgtttaaa 



GTTCAACCGG 

ACCTGTAATC 

AGGAGAAACT 

GGTGGACACA 

TATTAAG CGC 

GGGGATGGTT 

GTCCCACTTT 

TATTTGGAAG 

tttcggtttt 

taaaagaacg 



FIG. 26 
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9035k 
Naned genes 



Gene Hodels 



Operons 

YRCs & Cosnlds 

F37B12 



F37B12.2 

glutamate-pcysteine ligas*?; gcy-1 



F37B12 



The gcs-1 gene is located on chromosome II. An exemplary regulatory 



sequence is: 



— 607 

tgtccgaaaatcaagctttttaI^SS^ 

ACTAATTGTATTGAAAGTATTTTTTTAGATGCGAACGAAGTTCCA1TTT 

-316 



ACTGATGTAACTTTCCTTCTAATGTTATCATTTGTATTTTTTTGCAGAA 



TG 
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MGLLTKGSPL 
EEQVNAMLGT 
EVAADRKNDD 
I YMDHMG PGM 
PLKNSKWVID 
EHFETIQSSN 
QKDAVLNQKF 
QYLNFISKRA 
AEEHMIVSSQ 



TWAETVPHID 
ANRFLWRPEF 
AANSVFWPEQ 
GCCCLQVTFQ 
KSRYDSTDCY 
WMNMRFKPPP 
LFRKGLAECK 
TGEINTLAHW 
KRAH 



YIKKHGIAQF 

GS YM I EGTPG 

AVFLGHPRFK 

AVNVDEARWL 

IYPCSVGYND 

PDAPEIGWRV 

SAPENL.KGSE 

TRGFVQSHPA 



PS 



i n b^Ac i diSeauen cl? 



INLYHRLKSR HGDQLKWGDE I EYTI VKFDD 
MPYGGLIACF NIVEANMKLR RQWKKLLKK 
NLTKNIKGRR GSKVAINVPI FKDTNTPSPF 
YDQLTPITPI LIALSAATPI FRGKLSNVDS 
IPLQYDETIY KQLIDGNIDE PLAKHIAHMF 
EFRPTEVQLT DFENAAYCCF WLLTRMMIS 
KCGPPSQDIE EMSIDEIING KKNGFPGLIS 
YKHDSDVNDN IVYDLLKKMD A I SNGEDHCE 




AN KKVRVS CK 

DETCLSISFP 

VEDLSALGGP 

RWDIISASVD 

IRDPHQVFRE 

FRLTYLMPIS 

LIRQFLDSAD 

KLLGCYRSKT 



AEELLNKLQA 

SLGVPGFTFP 

DDTRDAKPDH 

DRTPEERGLE 

RIEQDDEKSS 

MVTENMKRAQ 

VDVDTRCTIS 

DHAISAAVRK 




tttgcagaAT 
CACGGAATTG 
TGAATACACT 
TACAAGCCGA 
ATCGAGGGAA 
ACAGGTCGTC 
CATTCCCGGA 
GGCCATCCAC 
CAAGGATACG 
CTGATCACAT 
GATGAAGCCA 
CCGTGGAAAA 
GATTGGAACC 
TCTGTTGGCT 
ACTGGCAAAA 
AAAGCAGTGA 
GAAATCGGAT 
TGTATTGCTC 
GTGCTCAGCA 
AATTTGAAAG 
GAAAAATGGA 
CGATTTCTCA 
GTACAATCTC 
CATCTCAAAC 
TTCGCAAAGC 
aatttattta 



tttagttggc 
aaatttaaac 
tttcatattt 



GGGTCTTTTG 
CTCAATTCAT 
ATTGTAAAAT 
AGAGCAGGTG 
CCCCCGGAAT 
AAAAAGTTAT 
AG TAG CAGCT 
GTTTCAAGAA 
AACACCCCCA 
TTATATGGAT 
GATGGTTGTA 
TTATCCAATG 
TCTCAAGAAT 
ACAATGATAT 
CATATTGCGC 
ACACTTTGAA 
GGAGAGTCGA 
ACCAGAATGA 
AAAAGATGCA 
GATCGGAGAA 
TTCCCAGGTC 
ATATTTGAAC 
ATCCTGCATA 
GGAGAAGATC 
TGAAGAGCAC 
tgttctatac 
catctacatt 
tctgaatttc 
atgtacaatg 



ACGAAAGGTA 
CAATCTCTAC 
TTGATGACGC 
AATGCGATGC 
GCCTTACGGA 
TAAAGAAGGA 
GATAGAAAGA 
TCTTACCAAA 
GTCCATTCGT 
CATATGGGAT 
CGATCAGCTG 
TCGATTCTAG 
TCGAAATGGG 
TCCTCTTCAA 
ATATGTTCAT 
ACAATTCAAT 
ATTCCGGCCA 
TGATCTCCTT 
GTTCTCAATC 
ATGTGGACCA 
TCATTTCACT 
TTTATTTCGA 
CAAACATGAC 
ACTGTGAGAA 
ATGATCGTGT 
gtcgtgtttc 
aaattactga 



taaatgcttg 
ctcccctgaa 



GTCCGTTGAC 
CATCGTCTGA 
AAACAAGAAA 
TTGGAACTGC 
GGTCTCATCG 
TGAAACATGT 
ATGATGATGC 
AATATTAAAG 
TGAAGATTTA 
TCGGAATGGG 
ACACCGATTA 
ATGGGATATC 
TTATTGATAA 
TACGACGAAA 
TCGTGATCCA 
CATCGAATTG 
ACTGAAGTTC 
CAGGCTGACA 
AGAAATTCCT 
CCTAGTCAAG 
TATTCGCCAA 
AACGAGCAAC 
AGTGATGTAA 
GCTGCTCGGA 
CCAGCCAAAA 
ccattccttc 
tatgttgatg 
ttttttgagt 
tccatcatat 



GTGGGCAGAA 

AATCAAGACA 

GTTCGCGTGT 

CAATCGATTC 

CTTGCTTCAA 

CTATCGATAT 

AGCTAATAGC 

GTCGCAGAGG 

TCTGCACTTG 

GTGCTGTTGT 

CACCGATTCT 

ATTAGTGCAA 

GAGTCGCTAC 

CCATATATAA 

CATCAAGTTT 

GATGAACATG 

AACTGACCGA 

TATTTGATGC 

GTTCAGAAAA 

ATATTGAAGA 
TTTCTAGATT 

TGGAGAGATT 
ATGATAATAT 
TGCTACCGCT 
ACGTGCACAT 
taggccttcc 
ctattfctcta 



agtaggaatc 
aattattatc 



ACCGTACCGC 
CGGAGATCAA 
CG TGCAAAG C 
CTTTGGAGAC 
CATTGTCGAG 
CGTTCCCATC 
GTTTTCTGGC 
AAGTAAAGTA 
GAGGTCCTGA 
CTTCAAGTCA 
ACTGGCACTC 
GTGTCGACGA 
GACTCCACGG 
ACAACTAATT 
TCCGTGAGCG 
CGATTCAAGC 
CTTTGAAAAT 
CAATTTCAAT 
GGATTGGCTG 
AATGTCGATT 
CTGCTGATGT 
AATACTTTGG 
AGTTTACGAT 
CTAAAACCGA 
TAGgcgataa 
atgattcaca 
gtaagcagat 
agtacgaatg 
cgtgttg 



ACATTGATTA 
TTGAAATGGG 
TGAAGAGCTT 
CAGAATTCGG 
G CAAACATGA 
TCTTGGAGTA 
CAGAACAAGC 
GCTATCAACG 
TGATACTCGT 
CTTTCCAGGC 
TCTGCCGCCA 
TCGTACACCG 
ACTGTTACAT 
GATGGAAATA 
TATCGAACAG 
CACCACCACC 
GCAGCATACT 
GGTTACTGAA 
AGTGCAAATC 
GATGAGATTA 
TGATGTGGAT 
CTCACTGGAC 
CTTTTGAAAA 
TCATGCCATT 
ttgattgatt 
atttttcgat 
gtcagtgttt 
gtacattaat 



TATCAAGAAG 
GAGATGAGAT 
CTTAATAAGT 
ATCCTACATG 
AATTGCGCAG 
CCTGGATTCA 
TGTATTCTTG 
TCCCGATATT 
GATGCGAAAC 
TGTGAACGTC 
CACCAATCTT 
GAGGAAAGAG 
TTATCCATGT 
TTGATGAGCC 
GACGATGAGA 
AGATGCTCCA 
GTTGCTTCGT 
AATATGAAGC 
TGCTCCCGAA 
TCAATGGAAA 
ACTCGGTGTA 
ACGTGGATTC 
AGATGGATGC 
TCTGCTGCTG 
atgtgatttt 
gccatatcaa 



agtaattcaa 
ctgaaaataa 
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T19E7.2C (spliced) " 

sss; tititiittt ttiitittti ::rs t9 ,tsu99t « t atttt cx tt 9Ct ; tttC ca 

tgcaacatca tcactga"? tggtgatcag £££££ caa"c~T 

gatcggatca cgacaaaaca tctcccggac aatatatcac caaeat*r*» ^ aa " caatc atcgtcatac 

catctgatca cttttegagc cgttttgtcg ctaaaaactt t??f*e ? t^^gtatgac ttgaaaagtg 

tttiH-seM .aagcagtagt tgcact? to S ca 9at 9 tact tttcgaattt 







ectcttttat cacataaaat etcggtcgaTtg^^aa^^^^^^^^™^ 
cacaataatc gtttttttct tctttgccgt g c a «c *?tt L ^ ttaaa 3ataa ttaattccgc 
tctttgattt cccagtgaaa tacctcaccc ac c c L h ^ Ct " CCt ccc "«=99«t 

agttttatca tctcttcatc atacccaqtt toataatt^ ccacaaagtg agcaacccct atcttgcaac 
cattagtatc eeagttttte acttgagccc olaoct™ "atctgatc cccatcccct tgtcgcctct 
agaaacgggt ctcgtgacga aagaatacgt gcaccacacg ^ ^atcatcat acaaatagat 

tgaaaaatat gatctttaca gttatttcta flltlt^t °" CCCat cctgttcacc cccatacacc 
cttctttttt gtcattttca a t t« " ttc ^^ctctcg taatatcgta Ucaatttcct 

tgtatccctc ctccatcccc agact aatt t<=tcag atctattctt tttcttgtat ttttggaact 



T19E7.2C ( 
MYTDSNNRNF 
PPASPFGRGP 
APLTAEENAR 
EDVSREEGQL 
VTDSQTVEQW 
QQTQTSPGSV 
PSSGSRYQRS 
NESLSEYQRQ 



conceptual 
DEVNHQHQQE 
STERPTTSSR 
YEDLSKGFYN 
NQLFDNKQQH 
LPTEWPNDV 
TVTATATQSL 
SSPRSSQSSI 
LIRKIRRRGK 



translation 
QDFNGQSKYD 
YEYSSPSLED 
GFFESFNNNQ 
PVINNVSLSE 
FPTSNYAYIG 
FDPYHSQRHS 
KIARWPLAS 
NKVAARTCRQ 



) 



YPQFNRPMGL 
IDLIDVLWRS 
YQQKHQQQQR 

GIVYNQANIiT 
MQNDSLQAW 
FSDCTTDSSS 
GQRKRGRQSK 
RRTDRHDKMS 



RWRDDQRMME 

DIAGEKGTRQ 

EQIKTPTLEH 

EMQEMRDSCN 

SNGQIDYDHS 

TCSRLSSESP 

DEQLASDNEL 
HYI* 



YFMSNGPVET 
VAPADQYECD 
PTQKAELEDD 
QVS1STIPTT 
YQSTGQTPLS 
RYTSESSTGT 
PVSAFQISEM 



VPVMPILXEH 
LQTLTEKSTV 
LFDEDLAQLF 
STAQPETLFN 
PLIIGSSGRQ 
HESRFYGKIjA 
SLSELQQVLK 



FIG. 29 



Matter No.: 10861-032P01 Do „ Q , ft „ ' 

Appllcant(s): Page 30 of 31 , 

SKN-1 GENE AND PROTEIN ! 
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TlSET^b^jsplioed) _ -•■ - ' 




TtttlTct SSUSS ^tttt«ct tctSSS; ss^s 

SSS?3 -™ SJSS 2XX£ SIS ™S 

«:« sssst sssss ::«:£ at ^ T stttttc «» w Lc sssss: 

=s=s bsss i ™* ™- = 

== SSS2 si ™1 ™= ™ ™ 

Tl9E7.2b (conceptual translation) 

™ ™ = =i S5SS5 3SSS SSSSS 

2HES 5SS Eli? ™- sees sssss SSK5 
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ataaaatl^^i^i^r^ "tttatcac 

tttttcttct ttgccgtgtc tcatttcatt ttgatctact tu« ^ ^ tcc ^ c ^ aataatcgtt 

agtgaaatac ctcacccact tcaatcccca caaagtgagc aacecct^e tto* 9 *"" " 9a " tCCC 
cttcaccata cccagtttga taatttatt-A i-.^L aaccccta^c ttgcaacagt tttatoatct 

gttttt«tt tg^LcgS ss; t a cat~^a sssr «=-«^«f 

gtgacgaaag aatacgtgca ccacacgacc cccccatccr IttH aatagataga aacgggtccc 

ctttacagtt atttctatta tatcctfaaa tctotcStaa ! ataCaCct 9 a aaaatatgat 

att.ttcaatt tttctcaaat ttctcagatc taJtcttttt C S t t ttc ^ctr. etttt t t 9 tc 

catccccaga cttccccttc ccagttactc ttgtacattt I tggaacttgt atccctcctc 

tcatttatgg aaataaattt gaaaaaatc Ct9tacattt t«tat*tgt ccatatatcg tttgaatctc 



T19E7.2a (conceptual 
MGGSSRKQRS TSATRRDDKR 
SSYDRITTKH LLDNISPTFK 
YFMSNGPVET VPVMPILTEH 
VAPADQYECD LQTLTEKSTV 
PTQKAELEDD LFDEDLAQLF 
QVSISTIPTT STAQPETLFN 
YQSTGQTPLS PLIIGSSGRQ 
RYTSESSTGT HESRFYGKLA 
PVSAFQISEM SLSELQQVLK 



translation) 
RRRQCFSSVA 
MYTDSNNRNF 
PPASPFGRGP 
APLTAEENAR 
EDVSREEGQL 
VTDSQTVEQW 
QQTQTSPGSV 
PSSGSRYQRS 
NESLSEYQRQ 



DDEEETTS I Y 
DEVNHQHQQE 
STERPTTSSR 
YEDLSKGFYN 
NQLFDNKQQH 
LPTEWPNDV 
TVTATATQSL 
SSPRSSQSSI 
IiIRKlRRRGK 



GVSSIFIWIL 

QDFNGQSKYD 

YEYSSPSLED 

GFFES FNNNQ 

PVINNVSLSE 

FPTSNYAYIG 

FDPYHSQRHS 

KIARWPLAS 

NKVAARTCRQ 



ATSSLILVIS 
YPQFNRPMGL 
IDLIDVLWRS 
YQQKHQQQQR 
GIVYNQANDT 
MQNDSLQAW 
FSDCTTDSSS 
GQRKRGRQSK 
RRTDRHDKMS 



SPSSNTSIQS 
RWRDDQRMME 
D I AGE KGTRQ 
EQIKTPTLEH 
EMQEMRDSCN 
SNGQIDYDHS 
TCSRLSSESP 

DEQLASDNEL 
HYI* 



FIG. 31 
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